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-TECHNICAL NOTE 3128 


COMPARISON BETWEEN THEORY AND EXPERIMENT FOR 

INTERFERENCE PRESSURE FIELD BETWEEN WING 

AND BODY AT SUPERSONIC SPEEDS 

By WlUlam C. Pitts, Jack N. Nielsen, and 
Maurice P. Gionfriddo 


SUMMARY 


Pressure-distritution data were obtained for a wing-body combination 
at Mach numbers of 1.48 and 2.00 and at Reynolds numbers of 0.6, 1.2, and 
1 . 5 x 10 ^ to investigate the effects of wing -body interference. The model 
was a single-wedge, rectangular wing mounted on a cylindrical body with 
an ogival nose. The body angle of attack ranged between -f6° and -6° and 
the wing -incidence angle ranged from 0° to -5.7°. The ejsperimental 
pressiire -distribution and span-loading results are compared with the 
linear, wing -body interference theory of NACA TN 2677. 

For small values of angle of attack and wing-incidence angle it was 
found that the experimental pressure-distribution results compared well 
with linear theory, but for larger angles, nonlinear effects of angle 
caused large differences from linear theory. The no nlin ear effects of 
angle on the wing were fairly well predicted by shock-expansion theory 
for the wing incidence case. In contrast with the pressure-distribution 
results, the lift loading was found to be very nearly linearly dependent 
on angle. Reynolds number and Mach nxmaber were found to have only a sma ll 
effect on the difference between experiment and linear theory except near 
the wave traversing the body from the wing-body juncture where the effects 
of both of these parameters were large. 


INTRODUCTION 


In recent years much interest has been manifested in wing-body 
interference. Some of the theories that have been developed for computing 
the effects of wing-body Interference on pressure distribution have been 
compared by Phinney (ref. l) and Lawrence and Flax (ref. 2). Ferrari 
(ref. 3) presented an iterative method based on linear theory. Morikawa 
(ref. 4) obtained an approximate solution by solving a boundary-value 
problem, and also obtained a closed solution by approximating the three- 
dimensional model by a planar model. Bolton Shaw (ref. 5) obtained a 
solution by satisfying boundary conditions at a finite number of points 
rather than over a surface. 
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A method of solving a wide class of wlng-hody interference problems 
is presented in references 6 and 7 together with a numerical application 
to the special case of a flat, rectangular wing mounted at incidence on 
a cylindrical body at zero angle of attack. The method determines an 
Interference potential that satisfies the boundary conditions on both the 
wing and the body when the body is Introduced into the field of the wing 
alone. This interference potential is determined as the sum of a number 
of Fourier components. Since no assumptions are made beyond those of 
linear theory, the exact linear-theory solution could be obtained from 
this method by taking a sufficient number of terms. The numerical appli- 
cation shows that except nesir the wing leading edge, the Fourier series 
converges so rapidly that, generally, only four Fourier components give 
a close approximation to the exact linear -theory solution. 

Some experimental pressure-distribution data, such as those of refer- 
ences 8, 10, 11, and 12, are available for comparison with theory. 

However, a complete, systematic set of data which cover the effects of 
angle of attack, wing Incidence, Rejmolds number, and Mach number on the 
pressure distribution on both the wing and body of a wing-body combination 
is not available. It is the primary purpose of the present report to 
present such a set of data and to compare them with the theory of refer- 
ences 6 and 7 "to determine the accuracy of the theory. Another purpose 
is to compare the calculated results of this report with those of other 
theories . 


SIMB0I5 


a body radius, in. 

A eLspect ratio of wing formed by joining exposed half -wings 

together 

c chord of rectangular wing, in. 

velocity amplitude function of n’th Fourier component, in. /sec 
1^ wing-incidence angle, radians except where otherwise designated 

L lift of combination back to wing trailing edge, lb 

M free -stream Mach number 

n number of FoTirier component 

p static pressure, Ib/sq in. 

Pj^ static pressure at any particular orifice of wing-body combi- 

nation when a = % = 0, Ib/sq. in. 



NACA TN 3128 


3 


P 


pressure coefficient. 


P - Pi 


Pgn interference pressure coefficient due to n’th Fourier component 

q dynamic pressure, Ib/sq in. 


r,0,x 

R 

R.P. 

s 

V 

W2n(x,r) 

x,y,z 


a 


cylindrical coordinates: y = r cos ©, z = r sin 9 

(See fig. 1.) 

Reynolds mmiber based on wing- chord length 
real part 

semispan of wing-body combination, in. 
free -stream velocity, in. /sec 
characteristic functions 

Cartesian coordinates: x, axial coordinate; y, lateral coor- 

dinate; z, vertical coordinate, in. 

(See fig. 1.) 

body angle of attack, radians except where otherwise designated 


cb^ wing angle of attack, deg 

p 'Jlf- - 1 


'Pwr 


9. 


W. 


B 


dummy variables of integration 

total wing-alone perturbation velocity potential 

wing-alone perturbation velocity potential due to the exposed 
right half of the wing 

wing-alone perturbation velocity potential due to the exposed 
left half of the wing 

wing-alone perturbation velocity potential due to the portion 
of wing inside the region occupied by body 


Subscripts 


1 


integer ranging from 1 to «> 


L lower surface 

T wall of wind tunnel 
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u upper limit of integration 

U upper surface 

o free -stream conditions 


EXPERIMENTAL CONSIDERATIONS 
Apparatus and Procedure 


The investigation was made in the Ames 1- hy 3-foot supersonic wind 
ttinnel. This wind tunnel was equipped with a flexlhle-plate nozzle that 
could be adjusted to give test-section Mach numbers from 1.2 to 2.2. The 
pressure measurements are obtained as photographic recordings of a 
multiple-tube manometer board using dibutyl phthalate as the fluid. 

Since this investigation required a comparison of the data for several 
Mach nvmibers and Reynolds n\mibers at the same values of a and i^, it was 
necessa^ry to set a and iy accurately for each measurement while under 
tunnel test conditions. The values of iy were acciirately set by means 
of angle blocks in the body. The angle of attack was set by a special 
image projection device. A mirror was Inserted in the schlieren system 
so that an image of the model was cast upon a screen. With the wind off, 
the model was set at the desired value of a and the inclination of the 
model image was marked on the screen. With the tunnel in operation at 
the desired pressure, the angle of attack of_ the model was adjusted until 
the inclination of its image was parallel to the calibration line made on 
the screen with the wind off. To check this method, a horizontal and 
vertical wire grid was placed on the tunnel window and schlieren pictures 
were taken of the model while the tunnel was in operation. These pictures 
showed that the image projection device set _a to within ±0.07° of the 
desired value. It was especially necessary to set a accurately for the 
small angles to avoid large percentage errors in the angle setting. 

The model angle of attack ranged from +6° to -6° in 2° increments 
and the wing-incidence angle ranged from 0° to -5»7° in 1.9° Increments. 

The test was performed at the two Mach numbers 1.1+8 and 2.00 and at the 
Reynolds numbers of 0.6, 1.2, and I.5 million, based on the wing chord. 

The model was tested for all combinations of these values of the four para- 
meters investigated. 


Model and Support 


The sting- supported model, which is diagrammed in figure 1, was a 
combination consisting of a cylindrical body with an ogival nose and a 
rectangular, wedge-shaped wing. The dimensions of the model are given in 
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figure 1. The wing was made 10 percent thick to minimize aeroelastic 
effects . It was mounted in the hody "by means of a set of angle blocks 
which enabled the flat wing surface containing the orifices to be set at 
0°, -1»9°^ -3*8°^ and -5*7° angles of incidence with respect to the body 
center line. The pressure orifices were all located on the upper surface 
of the model. The 4? orifices were distributed along seven spanwlse sta- 
tions in order to give a comparison with theory for the wing and the body. 
The locations of the orifices are given in table I. 


Reduction and Accuracy of Data 


Reduction of data . - All data are reduced to the coefficient form 
(p-p^) /<lo. Actually the quantity (p-p^)/q;p was measured and subsequent 
corrections were applied to change the reference static pressure to p^ 
(p^ is the static pressure at the particular orifice in question when 
a = i^ = 0°) and the reference dynamic pressure to q^. Since p^ 
includes the effects of nose thickness and stream angle, using p^ as a 
reference pressure minimizes these effects and essentially gives only the 
pressures due to the angle settings of the model. The dynamic pressure 
was adjusted from q;p to q^ on the basis of a previous pressure survey 
of the tunnel. This later adjustment was negligible for M = 1.48 and 
amounted to less than a 3-percent correction for M = 2.00. For the pur- 
pose of comparison with theory the press\ire coefficient is 

reduced to the parameters pp/a for iy = 0° and pP/% for a = 0°. 

Accuracy of data .- There are two types of errors that enter into 
an experimental Investigation: systematic errors and random errors. In 

this paper accuracy will be taken as the ability of the experiment to 
give the true values without nose effect or stream angle and, hence, is 
a measxire of the systematic errors. Precision will be taken as the abil- 
ity to repeat the data and, hence, is a measure of the random errors in 
the experiment. 

Several factors contributed random errors. The major factor was 
the error in the angle -of -attack setting. The uncertainty in each angle 
setting was i0.07°^ tut each measurement was dependent upon two angle 
settings: the setting for the condition represented and the setting to 

determine the zero correction. This leads to a net uncertainty of 0.1° 
which would account for a 5-pe^cent error for angles of ±2°. Most of 
the remainder of the uncertainty in the data is due to the fact that the 
reference wall static pressure in the tunnel changed slightly from run to 
run while the total pressure remained constant. Althou^ the magnitude 
of this pressure change was quite small, it was large enou^ compared to 
the small pressure differences for the 2° angle settings to cause as much 
as a 3-percent error. In addition to these factors, between 1-percent 
and 2 -percent uncertainty was observed in reading the data from the mano- 
meter board pictures. 
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To determine experimentally the precision of the data, a large number 
of repeat measurements were taken and compared. It was found that for a 
or iy = ±2°, two independent determinations of pp/a or pP/iy differed 
from each other by ±7 percent on the average. For a or i^ = ±4° and a 
or Iw = ±6°, the experimentally detennlned precision of pp/a and PP/% 
is ±4 percent and ±2 percent, respectively. The precision in pP/a 
Increases with the magnitude of the angle because a large part of the ran- 
dom error is due to the angle setting. The known major experimental 
errors are due to stream angle and body nose effects. The effect of 
these factors was not determined, but, as described in the reduction of 
data section, corrections were applied to minimize their effect, assuming 
the effects did not vary appreciably with angle -of -attack settings. This 
assumption should be good for the body -thickness effect. However, it is 
not necessarily a good assumption for the stream-angle effect since the 
stream angle varies slightly at different positions in the tunnel and the 
model moves approximately 6 inches in a vertical direction between 
a = +6 and a. = -6°. Since the stream-angle correction that was used 
was obtained for the a = 0° position in the tunnel, data obtained at 
a = 0° should have no appreciable error due to stream angle. For other 
values of a, some error due to stream angle is possible. ^ 


For the purposes of this paper, the important q.uestion is, "How well 
does theory predict the experimental data?" Direct comparisons between 
linear theory and experiment will be made only for a = ±2° and i^ = -1.9° 
data. In figure 2, experimental pressure distributions in the wing -body 
juncture obtained from two independent measurements with iy = -1.9° and 
a = 0° are shown together with a faired curve of their average values. 

The ±7 -percent limit of precision about the average value is represented 
by the dotted lines. The figure shows that the theoretical value generally 
lies between these dotted lines and therefore the theory predicts the 
experimental values within the precision of the data in this example. 


THEORETICAL CONSIDERATIONS 


The theory of this report is a direct application of the general 
linear theory of references 6 and 7 to two special conditions of a rec- 
tangular wing and body combination. The mathematical model consists of 
a rectangular, flat-plate wing mounted on an Infinitely long circular- ' 
cylinder body. The aspect ratio of the wing is large enough so that the 
Mach lines from the leading edge of the wing tips do not intersect the 
wing-body juncture. The two special conditions treated are the angle -of- 
attack case (variable angle of attack with iy = 0°) and the wing incidence 
case (variable wing -incidence angle with a = 0°). A deta,iled example 
calculation of the wing -incidence case is given in reference J, so it will 

^A stream-angle and pressure survey of the wind tunnel indicated that 
stream-angle variation caused the magnitude of the experimental values 
of pp/a to be 4 percent high on the average. 
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not te discussed in detail here. The calculations involved in the angle- 
of -attack case will be outlined in the following section. The differences 
from linear theory due to finite values of a and i-^^ are predicted by 
shock-expansion theory. 

In the analysis of references 6 and 7 and in the calculations for 
this renor t the bo dy radius is taken as unity, and is taken as 2 so 

that p = - 1 = 1 . Any formula can be generalized to any body radius 

by dividing all length symbols by a and can be generalized to any Mach 
number by dividing all streamwise lengths by p, by multiplying all pres- 
sure coefficients by p, and leaving all potentials and span loadings 
unaltered . 


Summary of Method for Angle-of -Attack Case 


As in all applications of the theory of references 6 and 7^ the velo- 
city potential of the combination is considered to be the sum of the wing- 
alone potential and an interference potential. Since the wing-alone poten- 
tial can be determined by existing methods, the essential problem is to 
determine the interference potential. This is done by developing a poten- 
tial that cancels the flow, due to the wing alone, across the body surface 
as well as satisfying the two other boundary conditions, (l) that it does 
not distort the shape of the wing and ( 2 ) that it is zero ahead of the wing 
leading edge. 

The first step in calculating the pres8\ire coefficients is to deter- 
mine the wing-aione potential. From this, the normal velocity, and hence 
the boundary condition on the body suxface, is obtained. Ihe expression 

for the normal velocity is expanded in a Fourier series of the form 

00 

r f~,(x) cos 2n0 where f™(x) is called the velocity amplitude fionc- 
n=o 

tion. After the velocity amplitude functions are determined, the inter- 
ference pressure coefficient at any point in the flow field can be 
directly found in series form with the aid of the xiniversal W 2 n(x,r) 
functions developed and tabulated in references 6 and 7 for r = 1. By 
adding the interference press\ires to the wing-aione pressures, the pres- 
sure coefficients for the wing-body combination are obtained. The 
details of the calculation for the angle-of-attack case are presented in 
Appendixes A, B, and C. It is shown that the Interference pressure 
coefficient for r = a is 


P2n= V 


-£ 




'2n 
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Wing-Incidence Case 


The theoretical values for the wing- incidence case used in this report 
are taken directly from reference 7* The only exception is the pressure 
distribution on the 0 = rt/4 meridiaji on the body which is not presented 
in reference 7« However, it was calculated in the same manner as was used 
for the top meridian of the body so no further discussion is necessary 
here. 


RESULTS AHD DISCUSSION 


A complete set of data in the form of P for the Reynolds numbers 
0.6, 1.2, and 1.5X10® at M = l.kQ and for R = 1.5x10® at M = 2.00 is 
presented in table II. These values of P are, for the most part, aver- 
ages of two readings. 


General Physical Principles 


Before discussing the results of the investigation in detail, it is 
well to give first a general physical description of the effects to be 
expected. Figures 3 and 4 show qualitatively the pressure distributions 
to be expected on a rectangular wing and body combination for the angle-of- 
attack case and the wing-incidence case, respectively. The chordwise 
variations of the coefficient, pp/a or pp/i^, are shown for five stations 
by the shaded areas The variation in the pressure coefficient is some- 
what exaggerated for emphasis. These figures show that Mach cones emanat- 
ing from the wing-body juncture determine the points at which the various 
effects of wing -body interference are felt. On the cylindrical body the 
pressure coefficient is zero in front of the Mach helix originating at the 
leading edge of the wing -body juncture. However, as shown by the two sta- 
tions on the body, the pressure rises abruptly behind this Mach helix, 
point 1, in both figures. The Mach helices from the two wing panels cross 
the 6 = it/2 station simultaneously so that there is only one large 
increase in the magnitude of the pressure coefficient. These Mach helices 
cross the 6 *= 3^/4 station at two different points so that beyond point 1 
there is a secondary increase in the pressure coefficients at point 2. 

These Mach helices continue to curl around the body until they strike the 
wing panel at points where part of the pressure disturbance continues 
along the wing and part of it is reflected along another Mach helix on the 

^At y/a = 3 . in figure 3 the shape of the curve behind the Mach wave has 
been inferred from the wing-incidence-case calculations. 

The pressure distribution shown for the 9 = 3it/-4 station on the 
body is Identical to the pressure distribution for the 9 = st/h station 
due to the symmetry of the model. 
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body, causing a further increase in the magnitude of the pressure coef- 
ficients at points Ij-. Another pressure disturbance originates at the 
trailing edge of the wing -body Juncture that causes the decrease in the 
magnitude of the pressure coefficients noted at points 5 of the two 
figures. 

On the wing of the combination the pressure coefficient is the same 
as that for a wing alone in front of the Mach wave from the wing-body 
Juncture, except that when the body is at an angle of attack the body 
upwash effectively twists the wing in a manner such that = a(l+a^/y^). 
Figure 3 shows this effect of body upwash along the leading edge of the 
wing where the pressure coefficient decreases as y/a increases because 
of the effective twist of the wing. The Importance of body upwash can be 
seen by comparing the pressure distribution along the leading edge in 
figure 3 with that in figure 4. The pressure coefficient at the wing -body 
Juncture in figure 3 is twice that in figure 4 where there is no body 
upwash. The pressure coefficient at any given spanwise station remains 
nearly constant between the wing leading edge and the Mach wave from the 
wing -body Juncture. Behind the Mach wave, interference frcm the wing -body 
Juncture causes the press'ure coefficient to decrease in magnitude as shown 
in the two figures. 


Effects of Angle of Attack 


Comparisons between theory and experiment for the angle-of -attack case 
are made in figure 5 for data at a Rejmolds number of 1.5X10® and Mach num- 
bers of 1.48 and 2.00 with i^ » 0° and a = ±2° and ±6°. 

Pressure distribution in Juncture of wing-body combination .- A com- 
parison between linear theory and experiment for the pressure distribution 
in the wing-body Juncture is made in figures 5(a>) and 5("b) for both Ifech 
numbers. The sketches show the pertinent Mach lines and the spanwise 
location of the orifices.® ihe experimental data points from the wing 
surface on which a compression occurs (negative angle of attack) are 
represented by flagged symbols, and the data points from the STirface on 
which an expansion occurs (positive angle of attack) are represented by 
unflagged symbols. Qhe figures show that the theory predicts the magni- 
tude of pP/a about 5 percent below the average of the a = ±2° experi- 
mental values at M = 1.48 and about 15 percent below experimental values 
at M = 2.00. Kie chordwise variation is well predicted by the theory. 

Linear theory predicts that the parameter pP/a is Independent of 
angle of attack. Actually it is not, and the nonlinear effects of angle 
of attack cause a spread in the data. Hie magnitude of the spread to be 

®The location of these Mach lines is only qualitative because the calcu- 
lations were made using shock-expansion theory, with the assiomption that 
there was no local Mach number variation behind the leading edge of the 
wing. To simplify the sketches, the Mach helices on the body are repre- 
sented as straight lines. 
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expected between a = +6° and a = -6° was calculated at the leading edge 
of tbe wing by shock-expansion theory. As in the calculation of first- 
order effects , the local angle of attack was determined using Beskin 
upwash theory. For M = 1.48 body upwash caused the shock wave to be 
detached from the wing in the wing-body Juncture so that no calculation 
of the spread could be made there. For M = 2.00 it wan found that near 
the wing-body Junctxire the predicted spread was about twice the experi- 
mental spread, whereas for y/a greater than about 1.5 the experimental 
spread was fairly well predicted. This difference between shock-expansion 
theory and the experimental data in the wing-body juncture is probably 
due to the combination of two things. First, near the wing-body juncture 
the body upwash is modified by viscous effects. Second, the theoretical 
spread was calculated at the leading edge of the wing and this value was 
assumed to apply rearward to the first orifice. This assumption is prob- 
ably good beyond y/a =1.5 where the chordwise changes in pressure are 
small back to the first orifice, but, in the jtmcture, the changes in the 
chordwise direction are large near the wing leading edge so that this 
assumption is probably invalid. 

Another phenomenon not predicted by linear theory is shown by figure 
5(a) . The linear theory predicts that the Mach helix from the opposite 
wing panel (see sketch) should intersect the wing -body juncture at point 
1, causing an increase in the magnitude of pP/a. This effect is observed 
experimentally for negative values of a but in front of point 1 rather 
than exactly at point 1. The reason is that for negative values of a 
a compression occurs on the orificed surface reducing the local Mach nvm- 
ber from the free-stream Mach number, thus increasing the Mach angle and 
causing the Mach helix to shift forward. The result is the spread of the 
data shown in figure 5(a) near point 1. This effect is not shown by 
figure 5(b) because the wing chord is effectively shorter for M = 2.00 
so that the orifices do not extend to the Mach helix as. shown by the 
sketch . 

Figures 5(a) and 5(b) show that Mach number has no effect upon the 
magnitude of the higher-order spread due to angle of attack or upon the 
chordwise variation of ' pp/a, but on the average the magnitude of pP/a 
is about 10 percent higher for M = 2.00 than for M = 1.48. 

Pressure distribution on top meridian of body of wing-body combina- 
tion .- A comparison between the linear theory and experiment for the pres- 
sure distribution on the top meridian of the” body is made in figures 5(c) 
and 5(d) • These figures show that theory and experiment are in good 
accord for a = ±2?, particularly at M = 1.48. However, nonlinear 
effects due to a cause a large spread between the data for a = +6^ and 
a = -6°. All the effects predicted to occur on the body in the section 
of the report "General Physical Principles" are observed experimentally, 
but not exactly at the points predicted because of nonlinear effects. The 
pressure rise predicted at point 1 of figures 5(c) and 5(d) occurs pre- 
maturely and is less abrupt than expected for all angles of attack because 
of the boundary layer on the body. The variation in local Mach number 
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causes the Mach helices to shift forward for the negative angles of attack 
as discussed in the section treating the wing -body Juncture. The increase 
in the magnitude of pp/a expected at point 2 , x/pa = 3 *^ 2 , actually 
occurs at about x/pa = U for a = -2°. The decrease in magnitude of pP/a 
that is expected at point 3 actually occurs at about x/pa = 4.0 for 
a = - 6 °. Por the positive angles of attack the Mach helices are shifted 
rearward so that these effects are not observed experimentally in the 
range of x/pa measured. 

Figures 5(c) and 5(<3-) show that, in general, the M = 1.48 data are 
predicted better by the theory than are the M = 2.00 data. For M =2.00 
there is an unexpectedly large pressure coefficient in front of point 1 
for negative angles of attack.'*' For a = -2° and M = 2.00, pP/a dips 
slightly near point 1 6ind then rises and overshoots the a = -6° data. 

This effect is due to the boundary-layer condition on the body and will 
be discussed in detail in the section dealing with Reynolds number effect. 

Pressure distribution on 0 = 45° meridian of body . - A comparison 
between the linear theory and experiment for the pressure distribution 
on the 9 = 45° meridian of the body is made in figures 5(e) and 5(^‘) • 
Essentially the same effects are shown on this meridian as on the top 
meridian . 

Just as for the top meridian of the body the experiment is, in gen- 
eral, better predicted by the theory for M = 1.48 than for M = 2.00, 
and the same boundary-layer effects are evident near point 1 for M = 2 .00. 

Pressure distribution on wing of wing -body combination .- Experimental 
chordwise pressure distributions on the wing are shown in figures 5 (g) to 
5 (n) for the four spanwlse orifice stations y/a = 1 . 25 ^ 1 * 92 , 2 . 58 ^ 

3 •92. In front of the Mach cone from the wing -body Juncture no interfer- 
ence is felt from the wing-body Juncture so that the theoretical pressure 
distribution for a wing alone in the body upwash field is used in this 
region (see Appendix C). The theoretical results behind the Mach cone 
from the wing -body Juncture (the region beyond point 2 in the figures) are 
not available because the WgQ(x,r) functions for r > a have not been 
calculated. Figures 5(g) "to 5(n) show that, in general, the wing -alone 
theory predicts magnitudes of pP/a about 5 percent below the measure- 
ments for a = ±2° for M = 1.48 and about 12 percent below the measure-^ 
ments for M = 2.00. The spread in the data between a = +6 and a = -6 
is fairly well predicted by shock-expansion theory for y/a greater than 
about 1.5 (figs. 5 ( 1 ) to 5(n.))* At y/a = 1.25 the predicted spread is 
too large. Just as was the case for the wing -body Juncture. 

Some of the Interference effects discussed in the section of the 
report entitled "General Physical Principles" are illustrated in figures 
5(g) to 5(n) . The interference effect from the opposite wing panel is 
observed in figure 5 (g) whe re, just in front of point 1 , the same spread 
^The possibility that this large pressure coefficient was due to body 
crossflow was considered by including the second-order terms in 
Bernoulli’s eqiiatlon in the calculation of the body -alone pressure coef- 
ficients, but this predicted only a small part of the observed values. 
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In ttie data occurs as in the ■wing-body Juncture. According to linear 
theory the disturbance originating at the nearer wing -body Juncture should 
be felt at point 2 of figures 5(i) "to 5(ni)# and the magnitude of pP/a 
should begin to decrease from the wing-alone value there. These figures 
show that the magnitude of pP/a does decrease in the neighborhood of 
point 2. They also show that, in general, the a = +6° and the a = -6° 
data converge in the neighborhood of point 2. This convergence is due to 
a variation in the local Mach number with a. This is shown by ■the sketch 
in figure 5(j) where the disturbance from the wing -body Juncture is first 
felt at point 3 for a = -6°, whereas it is first felt at point 4 for 
a = +6°. Since the magnitude of pP/a begins to decrease as soon as this 
disturbance is felt, the magnitude of pp/a begins to decrease at a 
smaller value of x/pa for a = -6° than for a = +6°, thus causing the 
convergence observed. The sketches in figures 5(k) and 5 (bi) show that the 
disturbance from the wing tip should also cause the a = +6° and a = -6° 
data to converge beyond point 6 in these figures. The figures show that 
the da^ta not only converge but actually cross over and reverse order Just 
beyond point 6. 

The only significant effect of Mach number shown by figures 5(g) "to 
5(n) is the approximately 10-percent-larger values of PP/a for. M = 2.00 
than for M = 1.48. Nearly 4o percent of this difference may be due to 
differences in stream angle in the wind tunnel for the two Mach numbers. 

Span loading distribution .- Spau loading is defined for both the body 
and the -wing as the integral 



The experimental results for the span loading distribution on the wing and 
body of the combination are presented in figure 6 and a comparison is made 
with theory on the body. As has been mentioned, the theoretical results 
on the wing in the interference region between the body and point 1 were 
not available for the a case at the time this paper was written. The 
theoretical pressure-distribution curves shown beyond point 1 are those 
of a ■wing alone with no body upwash present since outboard of this point 
its effect is small. The decrease in span loading beyond- point 2 due to 
wing-tip interference is calculated by Busemahn theory, reference 13 • 
Figure 6 shows that theory, on the average, predicts the experimental span 
loading on the body within 10 percent. Of particular in^fcerest is the fact 
that, in general, the higher-order differences due to a that were so 
large for the pressure-distribution results are negligible for ■the span 
loading distribution. The only exception is on the top of the body, 
y/a = 0, at M = 2.00 where the effects of boundary- layer and shock-wave 
interaction are large . The explanation for the independence from a is 



NACA TN 3128 


13 


that the higher-order effects on the top surface are compensated for by 
higher-order effects of the same magnitude on the lower surface so that 
the net loading per unit angle is very nearly .independent of angle of 
attack. 

The theoretical span loading distribution shown in figure 6(b) can 
be applied to wings of higher aspect ratio by simply translating the tip 
solution shown beyond point 2 to the tip of the wing. The span loading 
will have the two-dimensional value of a wing alone between points 1 
and 2 . When the interference from, the body and wing tip overlaps as in 
figure 6(a ) , the effects of these two factors must first be separated 
before translating the tip solution. 


Effect of Wing-Incidence Angle 


Con^jarison is made between theory and experiment for the wing- 
incidence case for data taken at a Reynolds number of I. 5 XIO® Mach 
nijmbers of l.if 8 and 2.00 with a = 0° and iy = -1.9° and - 5 . 7 °. It will 
be remembered from the section on the accuracy of data that there is no 
appreciable error due to stream angle for the wing-incidence case. 

Pressure distribution in wing -body junctures .- The linear theory and 
experimental pressure distributions in the wing-body juncture are compared 
in figures 7(a) and 7(b) . The symbols in the figures are flagged to be 
consistent with the use of flagged symbols for negative angle-of -attack 
data. The figures show that the experimental values are about 5 percent 
below those predicted by the theory for i^ = -1.9°. The magnitude of the 
nonlinear effects due to ly is predicted at the leading edge by shock- 
expansion theory. Figures 7(a) Eind 7(b) show that the spread predicted 
in this manner is in good accord with the experimental results . The pre- 
mature increase in the magnitude of PP/% near point 1 is due to the 
effect of the opposite wing panel and variation of the local Mach number 
as discussed in the angle -of -at tack section. No significant effect of 
Mach number was found on the parameter pp/iy. 

Pressure distribution on top meridian of body of wing-body combina- 
tion .- A comparison between the linear theory and experiment for the pres- 
sure distribution on the top meridian of the body is made in figures 7(c) 
and 7(d) . These figures show that theory and experiment are in good accord 
f°r i^^ = - 1 . 9 ° • However, nonlinear effects due to iy cause much larger 
differences between theory and experiment for ly^ = -5.7°- This is consis- 
tent with the angle -of -attack case where the higher-order effect due to a 
was large for negative angles of attack. 

All of the effects observed for the angle -of -attack case due to dis- 
turbances from the wing are also shown to occur for the wing- incidence case 
in figures 7(c) and 7(d) . The paths of these disturbances as predicted by 
linear theory are shown on the sketch and the positions at which the 
effects are expected to occur are shown on the abscissa. 
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The only significant effect of Mach number apparent in figures 7(c) 
and 7(d) is the larger boundary-layer and shock-wave interaction for 
M = 2.00 than for M = 1.48 near point 1. The M = 2.00 experimental 
data for i-^^ = dip and then overshoot at this point. This phenom- 

enon is discussed in more detail in the section of the report on Reynolds 
number effect. 

Pressure distribution on 9 = 4^^ meridian of body of ving-body combi- 
nation .- Linear theory is compared with experimental- results for the pres- 
sure distribution on the 6 = 45° meridian of the body of the combination 
in figures 7(e) and 7(f)* The effects shown by the figure are consistent 
with those shown for the angle -oT^attack case and for the wing-incidence 
case on the top meridian of the body. No unusual effects are observed. 

Pressure distribution on wing of wing -body combination .- A comparison 
between linear theory and experiment for the pressure distribution along 
several spanwise stations is made in figures 7(g) to 7(a) • The theoreti- 
cal values behind the Mach wave were obtained directly from reference 7* 
These values were calculated by essentially the same method used in the 
present report, but without the aid of the Wgn(x,r) functions. The 
experimental data (figs. 7(h) and 7(^)) show^that, in general, pP/iy for 
the % = - 1 . 9 ° data is constant and nearly equal to -2 in front of the" 
Mach cone. Behind the Mach cone the theory generally predicts values 
about 5 percent above the experimental data for = -1.9° • The higher- 
order effects due to i^ cause larger differences between linear theory 
and experiment for % = - 5 . 7 °. The figures shew that these differences 
are well predicted by shock-expansion theory. The effects due to the 
influence of the Mach waves are the same as those discussed for the angle - 
of -attack case. There is no effect of Mach number evident on the wing of 
the wing -body combination other than that predicted by linear theory. 

Span loading distribution .- A comparison between the theoretical and 
experimental results for span loading distribution on the wing and body 
of the combination is made in figure 8 for = -1.9° • The decrease in 
the span loading due to the wing tip was calculated by the method of 
Busemann (ref. 13) • In part (a) of figure 8, Interference from both the 
body and the wing tip is felt between points. 1 and 2, but in part (b) no 
Interference is felt between points 1 and 2, and the span loading is that 
of a two-dimensional wing alone. 

Figure 8 shows that, in general, the experiment is 5 percent lower 
than the linear-theory prediction. Since all pressure measurements for 
the wing-incidence case were made for negative values of ii^, the experi- 
mental values used in this figure were obtained by doubling the values 
of PP/ly obtained for ly = -1.9° rather than by considering two sur- 
faces as for the angle-of -attack case. Since this increases the nonlinear 
effects of i^ rather than minimizing them, only the i^ = -1.9° data 
(for which the nonlinear effects are small) were plotted. However, the 
method of references 6 and 7 is applicable to the prediction of the net 
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span loading for larger values of because the nonlinear effects on 

the upper and lower surfaces tend to cancel each other, as shown for the 
angle-of -attack case. 


Effect of Reynolds Number 


The primary effect of Reynolds number in this investigation was on 
the body. Reynolds n umb er was found to have no significant effect on the 
pressure distribution on the wing of the combination for the range inves- 
tigated. Figure 9 shows the bomdary- layer condition, as observed in 
schlieren pictures, on top of the body at the point of intersection with 
the tfech wave from the leading edge of the wing -body juncture for R = 0.6 
and 1 . 5 x 10 ®. The transition and separation regions shown in figure 9 
indicate approximately the ranges of a and ly in which the boundary 
layer changes from laminar to turbulent or separated flow at the Mach wave 
from the wing -body juncture. In laminar and turbulent regions the flow 
remains laminar or turbulent across the Mach wave. Some of the Reynolds 
number effect shown by figure 9 may due to changes in the turbulence 
level of the wind tunnel. 

It is to be expected that data obtained for several angle combina- 
tions within any one of the regions shown in figure 9 would show no sig- 
nificant differences due to viscous effects, but that these data would 
differ from data in other regions. For example, for M = 1*48 and 
R = 0.6x10® the data for a = -2° with i-j^ = 0° should differ from the 
data for a = -6° with iy = 0° because tiansitlon occurs at the shock 
wave for the latter case but not for the former. That there is a dif- 
ference is shown in figure 10 where the pressure distributions on top of 
the body for these two conditions are compared. In front of the shock 
wave the flow is laminar for both angles of attack so that there is no 
difference in the two sets of data. However, for a =• -6 transition 
occurs at the shock wave and the pressiire rises as predicted, while for 
a = -2° laminar flow persists behind the point at which the shock is 
expected and the pressure rise occurs much later than predicted. In fact, 
the pressure rise does not occur vintil the transition point shown in the 
figure is reached and then it tends to overshoot. This phenomenon of the 
delayed pressure rise was observed to occur whenever laminar flow per- 
sisted beyond the point at which a shock wave from the wing was predicted 
to exist. When the disturbance from the wing is an expansion wave, the 
pressure -coefficient curves rise approximately as predicted, regardless 
of the type of bomdary layer. The conditions for which this delayed 
pressure rise was obseinred to occur are shown by the dotted areas in 
figure 9 . Two other examples of this phenomenon may be seen near points 
1 of figures 5(^) 7(<3-) = -2°, iy = 0° and a = 0°, 1^ = -2°, 

respectively. 
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In figure 11, the pressure distrihutions on top of the "body are com- 
pared for three Reynolds numbers. It is shown that data for the two hip- 
est Reynolds numbers, R = 1.2 and 1.5x10®, agree almost identically, while 
the data for the lowest Reynolds number differ considerably. 


Comparison With Theory From Other Sources 


The three theories for which numerical results are available are com- 
pared in figure 12. The theory due to Ferrari was obtained by cross- 
plotting from a figure in reference 8 so that the curve shown is only 
approximate. The theoretical cuive due to Morikawa is obtained from tabu- 
lated results given in reference 4. The experimental data region was 
determined by the extreme values obtained for <x = ±2® for Mach numbers 
1.48 and 2.00. From this figure it appears that either the theory of 
Morikawa or the theory of Nielsen may be used to predict the pressure dis- 
tribution on the wing of a wing -body combination. Ferrari 's theory pre- 
dicts values that are somewhat low at the leading edge of the wing, but 
it appears that if numerical results were available beyond x/3a = 0.T^ 
they would lie within the experimental range. For a more complete com- 
parison of the theories of Ferrari and Nielsen, see references 1 and 2, 
Except for Nielsen's theory, no numerical results for the pressure distri- 
bution on the body were available for comparison. 


CONCLUSIONS 


An experimental investigation was made of the effects of angle of 
attack, a, wing-incidence angle, 1^, Mach number, and Reynolds number on 
the pressure distribution on a rectangular-wing and cylindrical -body com- 
bination. The Mach numbers were 1.48 and 2.00; the Reynolds numbers were 
0.6, 1.2, and I.5XIO®; a ranged from +6° to -6° in 2° increments; and i^ 
ranged from 0° to -5.7° in 1.9° increments. On the basis of comparisons 
made between the results of this investigation and the theory of NACA 
TN 2677^ the following conclusions can be drawn: 

1. The theory of NACA TN 2677, in general, predicts the pressure 
coefficients within ±10 percent for values of a and 1^ between +2° and 
-2°. For the wing-incidence case, a = 0°, the theory predicts magnitudes 
of pressure coefficient above the experimental values. For the angle-of- 
attack case, i^ = 0°, the theory predicts magnitudes of pressure coeffi- 
cient below the experimental values. 

2 • Nonlinear effects due to angle of attack and wing “incidence angle 
are large. On the wing the difference from linear theory due to nonlinear 
effects of angle can be predicted. by shock-expansion theory, except near 
the wing -body juncture for the angle -of -attack case. 
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3* Span loading was shown to he predicted within ±10 percent for 
the wing-incidence case for all measured values of iy on "both the hody 
and the wing. Where comparison was possible, span loading in the angle-of- 
attack case was also found to he predicted within ±10 percent. The pre- 
dicted span loadings are high for the wing-incidence case and low for the 
angle-of -attack case. 

4. For the angle -of -attack case, the pressure coefficients on the 
wing are ea^jerimentally about 5 percent hl^er for M = 2.00 than for 
M = 1.48, when reduced to a form that is theoretically Independent of 
Mach number. Otherwise Mach number has no Important effect. 

5 . Viscous effects are ir^jortant only on the body where the shock 
wave from the wing causes large boundary- layer and shock -wave interactions 
for some angle conditions. 


Ames Aeronautical Laboratory 

National Advisory Committee 
Moffett Field, Calif., 


for Aeronautics 
Jan. 4, 1954 
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APPENDIX A 

DETERMINATION OF WING-ALONE POTENTIAL FOE ANGLE-OF-ATTACK CASE 


The first step in determining the potential for the wing alone is to 
set up a mathematical model. Since the exposed wing of the combination 
operates in the body upwash field which effectively twists the wing, the 
wing-alone model® is considered to be twisted in the manner predicted by 
Beskin upwash theory for y > a 

The concealed wing may be extended through the body region in any manner 
but, since equation (Al) gives = 2a at both wing-body Junctures, it 
is taken as a flat plate at angle of attack 2a (see fig. 13)* 

The twisting of the wing is accomplishe^by superimposing a series of 
flat-plate wings upon a basic flat-plate wing at a^,^ = 2a (see fig. l4) . 
Each of the superimposed wings is at an incremental angle of attack and 
each successive wing terminates at an incremental value of y greater than 
the previous one. As these incremental values of a and y become infini- 
tesimally small, the resulting potential approaches that of a wing with 
the twist defined by equation (A1) . 

For the purposes of determining the wing-alone potential, the wing is 
considered to be composed of the three parts shown in figure 13; the right 
exposed half -wing, the left exposed half -wing, and the wing section inside 
the body. The perturbation velocity potential is determined for each of 
these wing sections and the results added together to obtain the potential 
for the entire wing alone. Thus, 

cPw = 9Wp + % + % (A2) 

Since the wing may be considered to be composed of an infinite number of 
flat, rectangular wings, the expression 






- X cos 


-1 


-y 


a/x^- 


- y cosh" 




+ z cos 


-1 


■+Z 


V^+z‘ 


2 


(A3) 


^oth a and 3 are taken as unity. See Theoretical Considerations section 
of text for method of generalization to other values of these parameters. 
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frcM. reference for the velocity potential of a flat, rectangular wing 
will be used as the basic relation for the calculations. Equation (A3) 
gives the velocity potential at any point (x,y, z) due to a flat, rectangu- 
lar wing at angle of attack ay, terminating at y = 0, and extending to 
“> along the positive y axis. 

Since the twisted wing was shown to be equivalent to a basic flat- 
plate wing at angle of attack 2a plus an infinite number of modifying 
flat-plate wings, the potential of the right half -wing may be written as 

qpy = 9(2a,y-l) +£iCp(Axi,y-ni) (a4) 

The first term on the right in equation (a 4) is the potential due to the 
basic exposed half -wing which terminates at the wing-body juncture, y = 1, 
and is at angle of attack 2a. The second term is the potential of the i 
modifying wings each at angle of attack and terminating at y = 

where 1 < q < e». Since equation (A3) is homogeneous with respect to a, 
equation (a 4) may be written 

cpy = cp(2a,y-l)+ %cp(l,y-T)i)Axi (A5) 

R 

From equation (A1) 

= - ft (a6) 

Therefore, 

fl-n 

= q<2a,y-l) - 2a,J 9(l,y-n) ^ (AT) 

where the limits of Integration are determined by the range of y on the 
wing included in the fore Mach cone originating from the point for which 
is being determined. From figure 15 it is apparent from the equa- 
tion of the fore Mach cone emanating from the arbitrary point Pi for 
p = 1 that 

xi^ = + (nu-yx)^ 

Therefore, the upper limit of integration is 

Tlu = y^ + 'Z Xi^- (a8) 

The lower limit of integration is at the wing -body juncture, y = 1. From 
equations (A3), (AT), and (a8) 
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Equation (AIO) gives the potential due to the exposed right half -wing. To 
this must he added the potentials ’ due to the other two wing sections. The 
potential due to the section of the wing in the hody region is simply the 
difference between the potentials of two flat wings at = 2a. One of 
these wings terminates at the wing-hody juncture at y = -1, figure 13, 
and extends (throu^ the hody) indefinitely in the positive direction. 

The other wing terminates at the other wing-hody Juncture, y = +1, and 
also extends indefinitely in th6 positive y direction. The difference 
between the potentials of these two wings is the potential of the wing 
section in the hody 

=* cp(2a,y+l) - 9(2a,y-l) (All) 

The expression for 9(ccij^,y) is given by equation (A3) . Since the model 
is symmetrical about the vertical y = 0 plane, the potential for the 
other half -wing is simply obtained by replacing y by -y in equation 
(AIO) . 

(x,-y,z) (A12) 

Combining eq-uatlons (AIO), (All), and (A12) gives the potential due to the 
entire wing alone. 
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(AI3) 


Investigation of 9 ^ as given by equation (AI3) reveals that there 
are three regions on the body in which the real part of this expression 
differs. A fourth region, region IV, is entirely on the wing and is, 
therefore, not necessary for determining the normal velocity distribution 
on the body. These regions are determined by three characteristic Mach 
cones. One of the Mach cones originates on the body axis at x = 0 , and 
the other two originate at the leading edges of the two wing-body junc- 
tures (see fig. 16). The expressions for the real part of 9 ^ in the 
three regions on the body are: 

Region I: 
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Region II; 

Va 


cpw= - 
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APPENDIX B 

determination of velocitt amplitude functions 


The method of references 6 and 7 requires a Fourier series expansion 
of the expression for the normal velocity on the "body surface. Tie coef- 
ficients, fgnCx), of the cosine teimis in this series are called the 
velocity amplitude functions. The interference pressure coefficients are 
found directly from these functions, as vill he shown in Appendix C. 


The velocity normal to the body surface due to the wing alone is 
easily found from the wing-alone velocity potential by differentiation. 
The amplitudes of the Fourier series expansion of the normal velocity 
expression are obtained by the usual equation. 



de 


fsn(x) = 


sin'^x. 


(^^^cos(2ne)de 


fanCx) functions were obtained in closed form for the wing-incidence 
case, but the angle -of -attack case required the evaluation of untabulated 
elliptic Integrals so that numerical methods had to be used to obtain 
^an(^) • resulting fanC^) functions are shown in figure 17 . This 


figure shows that the curves of 

Va 

between x =• 0 and x = 1 but for x>l, 
is nearly constant. 


against 


^gn(^) 

Va 


x oscillate 


n times 


ceases to oscillate and 
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APPENDIX C 

PRESSURE COEFFICIENTS OF THE WING-BODY CCMBINATION 
FOR THE ANGLE-OF-ATTACK CASE 


Determination of Interference Pressure Coefficients 


The interference pressure coefficients arC obtained directly from 
the velocity amplitude functions, fanC^c)# using the universal functions 
Wan(x,r), developed in references 6 and ?• In references 6 and T it is 
shown that the interference pressure coefficients for r = 1 for each of 
the functions are 


Psji =^cos 2n0 


p X 

fan(x) y f2n(0W2n(x-e,l)d6j 


(Cl) 


The Integration operation requires graphical or numerical methods. The 
total Interference pressure coefficient is the sum of the n components. 
To get the exact linear-theory solution it would be necessary to 
compute an infinite nmber of terms, but in most cases using only four 
terms gives a close approximation to linear theory, as shown in reference 
7 and verified by figures 18 , 19> and 20. A relation similar to that of 
equation (Cl) gives values of Pan ^ different from 1. 


Pressure Distribution in Juncture of Wing-Body Combination 


The pressure distribution of the combination is obtained by adding 
the interference pressure coefficients to the pressure coefficients of 
the wing along. The results, using four and six Pan components, are 
shown in figure I 8 . This figure shows that four components give a close 
approximation to the linear- theory value for x/^a > 1. At x/pa » 0, 
the wing leading edge, linear theory using Beskin upwash gives exactly 
(3P/a = -4.0. For the region x/|3a < 1 the higher harmonics have their 
greatest importance and many components wo\ild be necessary to get good 
accuracy. However, satisfactory accuracy can be obtained by fairing a 
curve through this region since both end points are known. 

One point of Interest in figure I 8 is the increase in the magnitude 
of pP/a near point 1. This is due to the influence of the opposite half- 
wing reaching the wing -body Juncture at this point as shown in the sketch. 


Pressure Distribution on the Body of the Wing-Body Combination 


The pressure distribution on the body is also obtained by adding 
the interference pressure coefficients to the pressure coefficients due 
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to the wing alone. The interference pressure distribution for any value 
of 6 differs from that in the wing-body juncture, 0=0, only by the 
cos 2 n 0 factor in equation (Cl) . For example, in the juncture, cos 2 n 0 
is always +1, on top of the body, 0 = it/2, cos 2n0 alternates between 
+1 and -1 as n increases, and on the 0 = n /4 meridian cos 2n0 has 
values of 0, +1, and -1 so that when n is odd, Pgn = 0* The pressure 
distributions on the top meridian of the body and on the 0 = 45 ° merid- 
ian of the body are shown in figures 19 and 20, respectively. 

Several interesting effects are exhibited by figures I9 and 20 . The 
step in the wing-alone pressure at x/pa = 1 in figure I9 is effectively 
canceled by the interference pressure from x/pa = 1 to x/pa = jt /2 and 
for x/pa > it /2 the pressure increases rapidly. The effect of the inter- 
ference pressure in canceling the effect of the wing alone on the top of 
the body from x/pa = 1 to x/pa = n /2 is to be expected since the wing 
of the combination can have no effect on the body in front of the Mach 
helix (point 1 of sketch) originating at the leading edge of the wing-body 
juncture. If an infinite number of components had been computed, the com- 
bination pressure coefficients would be Identically zero from x/Pa = 0 
to x/pa = it/2. The same effects are exhibited by figure 20 except that 
the wing-alone step occurs at x/pa = and the Mach helix intersects 

the meridian at x/pa = it/ 4 , point 1 . The Mach helix from the opposite 
wing panel intersects the meridian at point 2 causing an additional pres- 
sure rise. Since the region in which pp/a =0 is known and since the 
exact linear theory is well approximated by four components for large 
values of x/pa, theoretical curves of good accuracy can be faired from 
figures 19 and 20 . The area imder the high peaks in the curves near 
x/pa = jt /4 would become infinitesimal if an infinite number of inter- 
ference pressure components were taken. 


Pressure Distributions for the Wing of Wing-Body Combinations 


In region IV of figure 16, the calculation of pressiore coefficients 
is just a wing-alone problem. The pressure coefficients in this region 
can therefore be obtained directly from the wing-alone potential as given 
by equation (AlO) . The result is 

P = - 2 a r 1 + ^ 1 (C 2 ) 

In the region behind the Mach cone the pressure coefficients can be 
obtained directly from the W2^(x,r) functions, as was done on the body. 

The span loading distribution is determined by graphical integration 
of faired pressure -distribution curves of figures I8, 19 , and 20 . The 
pressure results of these figures are for c/pa < 4 and for pA > 2 . Span 
loadings for any combination of c/pa and pA in these ranges can be 
obtained from these pressure distributions. The theoretical and experi- 
mental span loading distributions on the body were evaluated back to 
the wing trailing edge. 
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For purposes of specifying "tlie span loading^ "tlie following equation 
is used; 



The span loading is the quantity inside the "bracket. 
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TABLE I.- ORIFICE LOCATIONS ON WING AND BODY OF WING-BODY COMBINATION 
[Dimensions in inches measured from wing leading edge] 



ro 

VO 


NACA TN 3 



TABLE II.- PRESSURE COEFFICIEIWS 
(a) M = 1.48, R = 1.5x10® 



Ul 

o 


Station 

\% 

a = 

-6° 


a = 

-4° 



a = 

-2° 


a = 0° 


O, 

= 2° 



a = 

4° 



a 

6° 



-5.7° 

-3.8° 

-1.9° 

CP 

-5.7® 

-3.8° 

-1.9° 

cP 

-5.7° 

-3-80 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

-5.7” 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

CP 

-5.7° 

-3.8° 

-1 9° 

0“ 

y/s = 
0.170 

0.133 

.256 

.363 

.508 

.633 

.759 

.884 

o. 6 q 9 

.480 

.405 

.406 

.442 

.432 

.409 

0.529 

.409 

.354 

.330 

.344 

.375 

.360 

0.421 

.329 

.280 

.266 

.270 

.296 

.297 

0.334 

.268 

.232 

.205 

.194 

.221 

.246 

0.448 

.361 

.323 

.307 

.322 

.351 

.345 

0.354 

.297 

.253 

.238 

.247 

.279 

.281 

0.273 

.229 

.197 

.187 

.176 

.201 

.232 

0.200 

.168 

.149 

.133 

.126 

.124 

.154 

0.300 

.256 

.224 

.211 

.223 

.262 

.266 

0.223 

.199 

.169 

.157 

.156 

.176 

.209 

0.152 

.132 

.112 

.112 

.104 

.109 

.125 

0.095 

.082 

.072 

.066 

.061 

.060 

.066 

0.180 

.156 

.135 

.129 

.133 

.155 

.188 

0.114 

.106 

,08'8 

.085 

.084 

.091 

.110 

0.054 

.051 

.042 

.046 

.042 

.043 

.046 

0.073 

.068 

.056 

.061 

.063 

.011 

.102 

0.007 

.019 

.014 

.020 

.022 

.030 

.034 

-0.046 

-.032 

-.028 

-.017 

-.016 

-.013 

-.010 

-0.092 

-.075 

-.065 

-.058 

-.055 

-.052 

-.051 

-0.046 

-.019 

-.009 

,003 

.003 

.014 

.027 

-0.09k 

-,06k 

-.05c 

-.033 

-,025 

-.021 

-.021 

-0.139 

-.109 

-.091 

-.067 

-.061 

-.058 

-.059 

-0.189 

-.153 

-.126 

-.107 

-.098 

-.090 

-.090 

-0.14’ 

-.09a 

-.073 

-.049 

-.038 

-.036 

-.037 

-0.18' 

-.m 

-.10s 

-.08: 

-.071 

-.06s 

-.074 

-0.22s 

-.183 

-.153 

-.11“ 

-.lOS 

-,096 

-.103 

-0.268 

-.221 

-.186 

-.155 

-.l4l 

-.135 

-.136 

y/o = 
0.208 

.133 
.258 
.383 
.508 
• 633 

.759 

.884 

.579 

.486 

.419 

.401 

.442 

.431 

.404 

.478 

.412 

.372 

.334 

.351 

.371 

.355 

.390 

.332 

.293 

.275 

.278 

.301 

.296 

,316 

.266 

.235 

.207 

.209 

.232 

.250 

.434 

.374 

.343 

.311 

.324 

.354 

.339 

.340 

.298 

.267 

.247 

.258 

.288 

.280 

.261 

.229 

.205 

.186 

.186 

.213 

.231 

.197 

.174 

.154 

.136 

.134 

.138 

.166 

.307 

, 2 T 2 

.249 

.222 

.232 

.266 

.261 

.225 

.202 

.185 

.166 

.161 

.187 

.206 

.146 

.147 

.128 

.112 

.104 

.106 

.136 

.085 

.085 

.080 

.071 

.069 

.066 

.071 

.177 

.162 

.150 

.133 

.134 

.160 

.190 

.110 

,102 

.094 

.083 

.086 

.094 

.115 

.054 

.050 

.043 

.043 

• 04l 
.042 
.047 

.070 

.072 

.072 

.064 

.068 

.081 

.102 

.007 

.016 

.021 

.019 

.024 

.028 

.034 

-.043 

-.030 

-.021 

-.020 

-.015 

-.013 

-.014 

-.092 

-.074 

-.065 

-.059 

-.053 

-.051 

-.053 

-.047 

-.015 

-.002 

.005 

.015 

.018 

.024 

-.094 

-.062 

-.046 

-.034 

-.025 

-.023 

-.023 

-.147 

-.106 

-.081 

-.072 

-.062 

-.059 

-.062 

-.196 

-.152 

-.118 

-.111 

-.098 

-.095 

-.100 

-.145 

-.095 

-.069 

-.050 

-.036 

-.033 

-.036 

-.193 

-.139 

-.099 

-.084 

-.072 

-.070 

-.075 

-,238 

-.199 

-.147 

-.127 

-.109 

-.102 

-.105 

-.272 

-,225 

-.185 

-.165 

-.149 

-.137 

-.139 

y/s = 

0.319 

.258 

.383 

.508 

.633 

.759 

.884 

.503 

Ml 

.392 

.klk 

.380 

.432 

.384 

.345 

.314 

.328 

.323 

.355 

.315 

.302 

.275 

.247 

.254 

.282 

.244 

.224 

.223 

.204 

.189 

.400 

.364 

.331 

.301 

.306 

.305 

.319 

.284 

.274 

.257 

.235 

.231 

.250 

.220 

.207 

.210 

.194 

.176 

.180 

.156 

.144 

.l4o 

.143 

.123 

.297 

.262 

.251 

.241 

.224 

.216 

.224 

.195 

.180 

.179 

.176 

.159 

.152 
.133 
.122 
.120 
.123 
.113 
1 

.092 

.079 

.071 

.066 

.066 

.066 

.197 

.172 
• 159 
.160 
.159 

.142 

.127 

.111 

.102 

.099 

.105 

,096 

.063 

.056 

.051 

.052 

.051 

.055 

.089 

.088 

.085 

.087 

.088 

.089 

.020 

.025 

.028 

.033 

.041 

.043 

-.038 

-.028 

-.021 

-.010 

-.007 

-.007 

-.091 

-.081 

-.068 

-.059 

-.056 

-.056 

-.012 

-.002 

.012 

.022 

.034 

.031 

-.066 

-.058 

-.039 

-.024 

-.014 

-.016 

-.112 

-.109 

-.086 

-.070 

-.059 

-.059 

-.160 

-.162 

-.134 

-.113 

-.101 

-.095 

-.092 

-.088 

-.060 

-.039 

-.025 

-.036 

-.136 

-.138 

-.107 

-.085 

-.068 

-.058 

-.186 

-.192 

-157 

-.133 

-.101 

-.092 

-.227 

-.234 

-.202 

-.179 

-.138 

-.l4o 

y/s = 
0.431 

.133 

.258 

.383 

.508 

.633 

.759 

.884 

.639 

.537 

.456 

.400 

.366 

.366 

.354 

.539 

.476 

.413 

.364 

.311 

.266 

.290 

.411 

.382 

.358 

i323 

.269 

.216 

.194 

.285 

.297 

.266 

.265 

.229 

.177 

.146 

.500 

.451 

.395 

.338 

.294 

.24? 

.254 

.365 

.354 

.328 

.308 

.260 

.206 

.181 

.253 

.270 

.245 

.245 

.221 

.171 

.l4o 

.167 

.181 

.170 

.165 

.162 

.154 

.101 

.337 

.335 

.304 

.289 

.244 

.190 

.166 

.236 

.246 

.224 

.221 

.204 

• 157 
.126 

.146 

.153 

.150 

.144 

.144 

.117 

.091 

.078 

.083 

.085 

.082 

.OBO 

.071 

.056 

.216 

.217 

.201 

.198 

.182 

.136 

.109 

.135 

.135 

.129 

.123 

.124 

.099 

•075 

.065 

.064 

.062 

.061 

.062 

.058 

.043 

.U6 

.109 

.099 

.106 

.114 

.090 

.068 

• 040 

.037 

.032 

.034 

.045 

.040 

.030 

-.018 

-.021 

-.026 

-.027 

-.015 

-.012 

-.010 

-.076 

-.076 

-.079 

-.085 

-.069 

-.063 

-.059 

.020 

.014 

.010 

.010 

.030 

.029 

.026 

-.039 

-.043 

-.047 

-.051 

-.031 

-.026 

-.013 

-.094 

-.097 

-.099 

-.102 

-.085 

-.080 

-.064 

-.142 

-.144 

-.147 

-.150 

-.135 

-.128 

-.133 

-.062 

-.069 

-.073 

-.071 

-.048 

-.046 

-.015 

-.114 

-.118 

-.122 

-.120 

-.102 

-.101 

-.063 

-.161 

-.161 

-.167 

-.170 

-.154 

-.154 

-.127 

-.208 

-.209 

-.213 

-.2U 

-.206 

-.202 

-.177 

y/a = 
0.652 

.383 

.508 

.633 

.759 

.864 

.451 

.358 

.305 

.265 

.310 

.406 

.313 

.263 

.226 

.206 

.357 

.274 

.224 

.189 

.164 

.280 

.227 

.185 

.154 

.133 

.396 

.306 

.254 

.217 

.195 

.339 

.263 

.212 

.178 

.155 

.258 

.2U 

.171 

.142 

.122 

.182 

.148 

.124 

.105 

.091 

.320 

.249 

.204 

.170 

.147 

.239 

.195 

.157 

.129 

.111 

.160 

.128 

.108 

.088 

.076 

.088 

.072 

.064 

.052 

.04? 

.227 

,178 

.145 

.118 

.100 

.150 

.117 

.096 

.078 

.066 

.068 

.057 

.045 

.037 

.031 

.137 

.105 

.079 

.062 

.053 

.055 

.045 

.CE8 

.019 

.015 

-.013 

-.014 

-.017 

-.020 

-.020 

-.072 

-.071 

-.059 

-.054 

-.052 

.046 

.028 

.012 

.003 

-.001 

-.021 

-,028 

-.032 

-.033 

-.033 

-.083 

-.084 

-.076 

-.069 

-.066 

-.144 

-.140 

-.120 

-.104 

-.080 

-.035 

-.047 

-.048 

-.049 

-.048 

-.093 

-.096 

-.087 

-.082 

-.079 

-.143 

-.148 

-.135 

-.118 

-.094 

-.195 

-.197 

-.184 

-.149 

-.099 

e = 90° 

-.094 

.073 

.240 

.410 

.573 

.740 

.906 

1.073 

1.240 

.011 

.012 

.085 

.U60 

.U69 

.445 

.411 

.346 

.179 

.012 

.002 

.058 

.345 

.405 

.393 

.368 

.323 

.201 

.011 

.001 

.035 

.068 

.314 

.334 

.324 

.293 

.214 

.012 

.002 

.005 

.051 

.255 

.236 

.259 

.265 

.212 

.002 

.001 

.043 

.318 

.384 

.381 

.356 

.306 

.157 

.001 

-.002 

.030 

.139 

.284 

.308 

.308 

.274 

.173 

.002 

-.001 

.015 

.076 

.210 

.211 

.232 

.242 

.176 

.001 

-.006 

.003 

.033 

.144 

.157 

.147 

.178 

.172 

.002 

.002 

.020 

.198 

.250 

.278 

.288 

.248 

.128 

.011 

.001 

.009 

.115 

.174 

.186 

.212 

.214 

,134 

.002 

.002 

.005 

,054 

.110 

.119 

.122 

.148 

.129 

.003 

.003 

.005 

.021 

.062 

.070 

.069 

,070 

.099 

-.002 

-.003 

.010 

.109 

.150 

.168 

.197 

.189 

.091 

0 

-.001 

.002 

,056 

.091 

.102 

.110 

.134 

.094 

0 

0 

.001 

.020 

.040 

.048 

.049 

.054 

.069 

-.003 

-.004 

.004 

.o4i 

.074 

.087 

.103 

.124 

.060 

-.002 

-.002 

.002 

.007 

.021 

.030 

.036 

.045 

.045 

-.002 

-.002 

-.001 

-.013 

-.020 

-.017 

-.015 

-.013 

-.011 

0 

-.001 

-.001 

-.022 

-.050 

-.058 

-.059 

-.059 

-.064 

.001 

.001 

.004 

-.005 

.006 

.017 

.026 

.037 

.018 

.002 

.007 

.003 

-.023 

-.035 

-.031 

-.026 

-.021 

-.026 

.003 

.003 

.003 

-.032 

-.068 

-.074 

-.072 

-.070 

-.075 

.003 

.003 

.003 

-.034 

-.086 

-.107 

-.111 

-.114 

-.U6 

.008 

.012 

.010 

-.036 

-.054 

-.049 

-.041 

-.035 

-.050 

.008 

.013 

.009 

-.046 

-.087 

-.091 

-.086 

-.081 

-.091 

.009 

.013 

.011 

-.045 

-.111 

-.131 

-.130 

-.125 

-.124 

.008 

.013 

-.026 

-.046 

-.126 

-.162 

-.169 

-.168 

-.168 

e = 45° 

.156 

.323 

.489 

.656 

.823 

.990 

.296 

.307 

.456 

.458 

.422 

.369 

.136 

.301 

.334 

.385 

.374 

.391 

.025 

.250 

.238 

.311 

.315 

.298 

.010 

.207 

.192 

.209 

.260 

.248 

.096 

.277 

.312 

.365 

.356 

.317 

.028 

.229 

.224 

.289 

.298 

.278 

.045 

.167 

.163 

.186 

.228 

.227 

.010 

.131 

.128 

.124 

.151 

.185 

.066 

.192 

.213 

.258 

.273 

•255 

.044 

.l4l 

.150 

.170 

.202 

.209 

.025 

.086 

.102 

.110 

.117 

.148 

.009 

.042 

.069 

.067 

.070 

.074 

.062 

.106 

.118 

.142 

.172 

.189 

.032 

.071 

.076 

.087 

.100' 

.133 

.012 

.033 

.037 

.04l 

.046 

.052 

.018 
.045 
.057 
.071 
.0B5 
■ 119 

-.001 

.009 

.018 

.024 

.029 

.038 

-.011 

-.023 

-.017 

-.017 

-.015 

-.015 

-.014 

-.050 

-.054 

-.053 

-.056 

-.058 

-.013 

-.008 

.006 

.011 

.016 

.027 

-.019 

-.043 

-.033 

-.028 

-.028 

-.025 

-.017 

-.073 

-.069 

-.063 

-.067 

-.069 

-.014 

-.098 

-.092 

-.097 

-.104 

-.111 

-.032 

-.064 

-.047 

-.045 

-.046 

-.046 

-.o4i 

-.095 

-.083 

-.080 

-.083 

-.087I 

-.045 

-.122 

-.112 

-.112 

-.118 

-.121 

-.026 

-.145 

-.145 

-.149 

-.156 

-.160 
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TABLE II.- 


PRESSURE COEFFICIENTS 
(b) M = R = 



1,2X10® 


Continued 


Station 



a s 

-6° 


a a 

-4° 



a a 

-2° 


- a 

= 0° 



a 

= 2° 



a = 

4° 



a = 

6° 




-5.7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9“ 

-5-7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

(P 

y/s = 

0.133 

0.622 

0.510 

0.411 

0.335 

0.453 

0.352 

0.274 

0.209 

0.297 

0.222 

0.151 

0.096 

0.180 

0.113 

0.051 

0.070 

0.001 

-0.046 

-0.093 

-0.048 

-0.093 

-0.136 

-0.178 

-0.151 

-0.186 

-0.231 

-0.270 

0.170 

.258 

.475 

.404 

.322 

.2& 

.363 

.295 

.230 

.174 

.255 

.199 

.132 

.081 

.157 

.105 

.048 

.075 

.017 

-.034 

-.078 

-.023 

-.064 

-,109 

-.150 

-.098 

-.138 

-.182 

-.224 


.383 

.405 

.356 

• S77 

.230 

.328 

.255 

.198 

.156 

.222 

.170 

• lift 

.074 

.13ft 

.087 

.o4i 

.064 

.015 

-.029 

-.0^ 

-.012 

-.055 

-.095 

-.137 

-.071 

-.111 

-.153 

-.184 


.508 

.415 

.333 

.272 

.205 

.317 

.244 

.188 

.140 

.214 

.161 

.lift 

.067 

.128 

.08ft 

.045 

.063 

.019 

-.017 

-.059 

.003 

-.037 

-.070 

-.Uft 

-.0ft8 

-.082 

-.120 

-.156 


.633 

.ftft6 

.351 

.281 

.203 

.335 

.259 

.182 

.13ft 

.231 

.161 

.109 

.06ft 

.131 

.083 

.040 

.066 

^023 

-.013 

-.053 

.oli 

-.024 

-.058 

-.097 

-.033 

-.065 

-.101 

-.137 


.759 

.434 

.375 

.299 

.236 

.352 

.282 

.209 

•137 

.263 

.18ft 

.110 

.063 

.160 

.092 

.042 

.080 

.031 

-.010 

-.050 

.019 

-.019 

-.054 

-.093 

-.029 

-.06ft 

-.095 

-.128 


.68)^ 

.409 

.360 

.299 

.2ft8 

.344 

.282 

.232 

.174 

.263 

.209 

.136 

.070 

■ 191 

.118 

.043 

.109 

.038 

-.003 

-.049 

.030 

-.016 

-.055 

-,092 

-.031 

-.071 

-.101 

-.130 

y/s = 

.133 

.580 

.478 

.389 

*317 

.ftft2 

.344 

.270 

.206 

.303 

.223 

.149 

,089 

.181 

.112 

.053 

.061 

.002 

-.047 

-.100 

-.049 

-.098 

-.146 

-.195 

-.155 

-.191 

-.240 

-.280 

0.200 

.258 


.409 

.229 

.264 

.377 

.296 

.230 

.176 

.267 

.202 

.138 

.083 

.165 

.108 

.049 

.072 

.017 

-.033 

-.080 

-.021 

-.067 

-.111 

-.159 

-.103 

-.lft3 

-.195 

-.239 


.383 

.424 

.373 

.292 

.232 

.350 

.266 

.206 

•155 

.244 

.182 

.129 

.077 

.Iftb 

.09fi 

.045 

.077 

.022 

-.024 

-.067 

-.005 

-.050 

-.088 

-.128 

-.070 

-.107 

-.148 

-.190 


.508 

.409 

.344 

.287 

.217 

.326 

.25: 

.195 

.146 

.226 

.169 

.118 

.070 

.134 

.088 

.043 

,071 

.023 

-.014 

-.057 

,006 

-.034 

-.074 

-.116 

-.Oftft 

-.083 

-.126 

-.16ft 


.633 

.441 

.350 

.287 

.222 

.329 

.26; 

.195 

.143 

.231 

.166 

.111 

.068 

.134 

.084 

.040 

.070 

.023 

-.012 

-.053 

.014 

-.025 

-.062 

-.101 

-.032 

-.072 

-.110 

-.147 


.759 

.432 

.372 

.300 

.240 

.352 

.287 

-215 

.151 

.262 

.192 

.lift 

.067 

.162 

.095 

.04l 

.082 

,027 

-.012 

-.051 

.021 

-.021 

-.057 

-.094 

-.028 

-.067 

-.101 

-.13ft 


.884 

.405 

.355 

.295 

.248 

.340 

.278 

.227 

.174 

.261 

.208 

.lft3 

.076 

.191 

.119 

.050 

.108 

.037 

-.011 

-.052 

.030 

-.020 

-.057 

-.095 

-.029 

-.071 

-.104 

-.135 

y/a = 

.258 

.501 

.430 

.349 

.280 

,ft08 

.319 

.2ft6 

.186 

.295 

.224 

.153 

.093 

.198 

.127 

.061 

.084 

.018 

-.039 

-.094 

-.018 

-.069 

-.118 

-.165 

-.099 

-.142 

-.190 

-.235 

0.319 

.383 

.437 

.386 

.313 

.242 

.372 

.287 

.222 

.163 

.263 

.196 

.134 

.080 

.173 

.112 

.053 

.088 

.023 

-.029 

-.083 

-.003 

-.058 

-.111 

-.163 

-.090 

-.143 

-.191 

-.235 


.508 

.396 

.349 

.303 

.229 

•337 

.282 

.209 

.151 

.255 

.184 

.323 

.073 

.160 

.103 

.049 

.090 

.029 

-.020 

-.068 

.011 

-.o4o 

-088 

-.136 

-.056 

-.107 

-.155 

-.203 


.633 

.419 

.319 

.278 

.230 

.311 

.264 

.215 

.152 

.243 

.188 

.123 

.069 

.164 

.101 

.oft€ 

.094 

.035 

-.012 

-.058 

.024 

-.024 

-.068 

-.116 

-.032 

-.085 

-.134 

-.187 


.759 

.ftll 

.329 

.254 

.207 

.312 

.244 

.198 

•153 

.224 

.179 

.131 

.072 

.157 

.106 

.051 

.101 

.042 

-.006 

-.053 

.038 

-.012 

-.056 

-.105 

-.021 

-.073 

-.109 

-.133 


.8814- 

.378 

.319 

.255 

.186 

.303 

.230 

,172 

.130 

.213 

.154 

.111 

.068 

.140 

.094 

.051 

.087 

.039 

-.005 

-.054 

.03ft 

-.013 

-.056 

-.105 

-.018 

-.047 

-.094 

-.124 

y/s = 

.133, 

.632 

.535 

.407 

.284 

.500 

.36ft 

•251 

.172 

.330 

.232 

.lft6 

.080 

.216 

.135 

.06a 

.112 

.039 

-.020 

-.078 

.018 

-.042 

-.096 

-.lft8 

-.065 

-.U5 

-.16ft 

-.210 

O.I31 

.258 

.532 

.473 

.379 

.297 

.ft56 

.354 

.266 

.188 

.333 

.247 

.15ft 

.08ft 

.217 

.135 

.062 

.111 

.036 

-.023 

-.079 

.014 

-.oftft 

-.096 

-.147 

-.070 

-.117 

-.164 

-.209 


.383 

• 457 

.410 

.360 

.270 

.402 

•333 

.2ftft 

.178 

.308 

.226 

.150 

.089 

.202 

.129 

.060 

.101 

.032 

-.026 

-.080 

.011 

-,046 

-.096 

-.146 

-.073 

-.120 

-.166 

-.213 


.508 

.401 

.361 

.323 

.271 

.353 

.309 

.250 

.179 

.290 

.226 

.147 

.086 

.203 

.126 

.059 

.109 

.035 

-.025 

-.08ft 

.012 

-.050 

-.104 

-.15ft 

-.070 

-.122 

-.170 

-.214 


.633 

.365 

.304 

.267 

.227 

.295 

.256 

.216 

.170 

.238 

.198 

.lft3 

.084 

.178 

.124 

.060 

.115 

.045 

-.014 

-.070 

.031 

-.oh 

-.085 

-.135 

-.044 

-.100 

-.152 

-.204 


-759 

.3^ 

.264 

.216 

.176 

.255 

.204 

.167 

.132 

.186 

.152 

.112 

.071 

.132 

.094 

.048 

.088 

.039 

-.013 

-.06ft 

.027 

-.026 

-.081 

-.138 

-.041 

-.100 

-.154 

-•199 


.88ft- 

.355 

.279 

.199 

.151 

.261 

.184 

.Iftl 

.109 

.165 

.125 

.090 

.056 

.109 

.073 

.037 

.068 

.030 

-.009 

-.055 

.024 

-.019 

-.070 

-.127 

-.017 

-.074 

-.133 

-.177 

y/s = 

.383 

.440 

.396 

.348 

.276 

.388 

*331 

.251 

,18ft 

.31ft 

.237 

.157 

.088 

.221 

,147 

.069 

.137 

.055 

-.011 

-.074 

.046 

-.022 

-.080 

-.136 

-.031 

-.091 

-.146 

-.190 

0.652 

.508 

.356 

.313 

.270 

.225 

.304 

.259 

.206 

.154 

.245 

.194 

.128 

.071 

.176 

.115 

.054 

.103 

.042 

-.012 

-.074 

.023 

-.031 

-.083 

-.134 

-.043 

-.096 

-.148 

-.192 


.633 

.307 

.264 

.223 

.le^ 

.254 

.211 

.169 

.130 

.199 

.155 

.107 

.065 

.Iftl 

.095 

.Oftft 

.079 

.025 

-.017 

-.059 

.011 

-.036 

-.076 

-.118 

-.048 

-.089 

-.132 

-.176 


.759 

.294 

.230 

.190 

.157 

.221 

.180 

.143 

.122 

.169 

.130 

.088 

.054 

.119 

.078 

-037 

.061 

.017 

-.017 

-.052 

.004 

-.03ft 

-.066 

-.101 

-.oft6 

-.080 

-.118 

-.162 


.88ft 

.313 

.211 

.167 

.136 

.-202 

.158 

.124 

.096 

.148 

.112 

.082 

.047 

.100 

.067 

.032 

.053 

.013 

-.019 

-.050 

-.001 

-.033 

-.065 

-.093 

-.045 

-.072 

-.101 

-.094 

8 = 90° 

-.094 

.002 

.013 

.013 

.014 

.003 

.005 

.002 

.007 

.003 

.002 

.002 

.001 

0 

.003 

.001 

-.002 

-.004 

0 

-.002 

.001 

.003 

.003 

.004 

.012 

.012 

.011 

.014 


.073 

.035 

.010 

.004 

.004 

.025 

.010 

.002 

.001 

.007 

.006 

.003 

.002 

-.002 

0 

0 

-.003 

-.003 

0.000 

0 

.002 

.004 

.005 

.006 

.016 

.016 

.01ft 

.019 


.240 

.082 

.069 

.C57 

.029 

.058 

.047 

.Oftft 

.027 

.029 

.021 

.016 

.009 

.011 

.005 

.001 

.005 

.002 

.002 

.001 

.006 

.005 

.005 

.005 

.018 

.014 

.016 

.031 


.410 

.449 

.320 

.083 

.059 

.315 

.148 

•037 

.04i 

.198 

.103 

.0ft6 

.024 

.112 

.058 

.020 

.0ft2 

.007 

-.011 

-.020 

-.003 

-.020 

-.029 

-.031 

-.031 

-.042 

-.042 

-.036 


•573 

.469 

.403 

.309 

.249 

.376 

.278 

.212 

.111 

.252 

.179 

.111 

.054 

.151 

.093 

.039 

.078 

.020 

-.019 

-.051 

.005 

-.036 

-.068 

-.091 

-.056 

-.088 

-,11'ft 

-.128 


.7ft0 

.445 

.396 

.338 

.240 

,.378 

• 3U 

.217 

.166 

.282 

.190 

.124 

.074 

.169 

.102 

.045 

.090 

.029 

-.018 

-.059 

,017 

-.033 

-.075 

-.112 

-.oft8 

-.092 

-.134 

-.164 


.906 

.411 

.368 

.326 

.275 

.357 

.309 

.247 

.157 

.289 

.221 

.124 

.071 

.204 

.113 

.0ft8 

.109 

.036 

-.014 

-.059 

.026 

-.026 

-.073 

-.115 

-.038 

-.085 

-.131 

-.169 


1.073 

.340 

.322 

.292 

•26B 

.307 

■S'I3 

.245 

.202 

.249 

.220 

.162 

.074 

.193 

.145 

.059 

.139 

.053 

-.010 

-.058 

.049 

-.017 

-.067 

-.113 

-.024 

-•075 

-.124 

-,l6ft 


1.240 

.174 

.196 

.207 

.206 

.155 

.169 

.176 

.173 

.122 

.133 

.134 

.111 

.088 

.093 

.072 

.06ft 

.070 

.001 

-.062 

.024 

-.017 

-.069 

-.219 

-.031 

-.OBl 

-.127 

-.162 

0 « 45° 

.156 

.262 

.089 

.037 

.027 

• O66 

.035 

.031 

.030 

.040 

.025 

.022 

.016 

.056 

.024 

.011 

.009 

-.001 

-.007 

-.010 

-.014 

-.006 

-.022 

-.023 

-.030 

-.033 

-.037 

-,019 


.323 

.357 

.306 

.246 

.199 

.260 

.221 

•159 

.055 

.206 

.161 

.039 

.021 

.111 

.074 

.034 

.052 

.009 

-.023 

-.052 

-.011 

-.043 

-.070 

-.096 

-.062 

-.098 

-.124 

-.lft5 


.489 

.432 

.334 

.244 

.192 

.34a 

.232 

.178 

.Iftl 

.216 

.163 

.116 

.082 

.118 

.077 

.035 

.059 

.018 

-.016 

-.057 

.005 

-.030 

-.070 

-.096 

-.0ft6 

-.086 

-.113 

-.146 



.454 

.384 

.315 

.209 

.371 

.296 

.191 

.136 

.264 

.177 

.119 

.073 

.145 

.090 

.o4i 

.074 

.025 

-.014 

-.052 

.012 

-.027 

-.062 

-.097 

-.04l 

-.077 

-.111 



.823 

.421 

.374 

.317 

.265 

.354 

.299 

.243 

.162 

.277 

.211 

.322 

.072 

.183 

.100 

.044 

.090 

.029 

-.015 

-.056 

.017 

-.027 

-.066 

-.106 

-.041 

-.081 

-.118 

-.123 


.990 

.368 

.340 

.299 

.251 

.315 

.279 

.231 

.195 

.255 

.211 

.163 

.061 

.191 

.143 

.058 

.133 

.Oft6 

-.011 

-.057 

.035 

-.020 

-.065 

-.108 

-.037 

-.080 

-.120 

-.156 


U) 

H 
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TABLE II PKESSUKE COEFFICIENTS 



~ Continued 

(c) M = 1.48, R - 0.6x10® 


Station 

\% 

^/\ 

' C \ 

a = -6® 

a = -4° 

a. = -2° 

a. = 0° 

a = 2° 

a = 4° 

a = 6° 

-5.7° 

-3.8° 

-1.9° 

(P 

-5.7° 

-3.8° 

-1.9° 

cP 

-5.7° 

-3.8° 

-1.9° 

oP 

-5.7° 

-3.8° 

-1.9° 

-5.7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1.9° 

0° 

y/s = 
0.170 

0.133 

.258 

.383 

.508 

.633 

.759 

.884 

0.662 

.508 

.466 

.450 

.444 

.426 

.388 

0.525 

.408 

.374 

.374 

.374 

.370 

.333 

0.421 

.324 

.294 

.308 

.312 

.307 

.278 

0.332 

.258 

.224 

.222 

'.243 

.251 

.227 

0.470 

.378 

.344 

.348 

.348 

.342 

.309 

0.379 

,300 

.263 

.277 

.291 

.287 

.259 

0.288 

.232 

.200 

.198 

.211 

.232 

.208 

0.218 

.173 

.148 

.11^4 

.146 

.172 

.162 

0.320 

.263 

.228 

.233 

.250 

.251 

.232 

0.252 

.211 

.177 

.171 

.182 

.202 

.186 

0.167 

.143 

.118 

.114 

.111 

.124 

.132 

0.100 

.086 

.072 

.070 

.063 

.065 

.074 

0.202 

.162 

.135 

.133 

.141 

.165 

.161 

0.121 

.111 

.092 

.091 

.092 

.102 

.105 

0.054 

.047 

.040 

.046 

.044 

.047 

.052 

0.067 

.073 

.060 

.065 

.070 

.086 

.093 

0.002 

.015 

.014 

.023 

.029 

.638 

.046 

-0.049 

-.035 

-.031 

-.019 

-.015 

-.011 

-.011 

-0.093 

-.076 

-.070 

-.060 

-.056 

-.057 

-.063 

-0,046 

-.019 

-.011 

.007 

.015 

.030 

.o4l 

-0.069 

-.063 

-.052 

-.035 

-.024 

-.016 

-.015 

-0.127 

-.097 

-.089 

-.074 

-.067 

-.058 

-.064 

-0,171 

-,l4l 

-.129 

-.114 

-.105 

-.096 

-.106 

-0.118 

-.092 

-.073 

-.047 

-.025 

-.011 

-.006 

-0.160 

-.123 

-.106 

-.088 

-.062 

-.046 

“.053 

-0.203 

-.151 

-.140 

-.140 

-.103 

-.083 

-.093 

-0.248 

-.202 

-.168 

-.151 

-.126 

-.095 

-.076 

y/s = 
0.208 

.133 

.258 

.383 

.508 

.633 

.759 

.884 

.606 

.519 

.478 

.451 

.439 

.421 

.387 

.494 

.428 

.395 

.378 

.371 

.363 

.332 

.398 

.338 

.314 

.316 

.312 

.299 

.274 

.316 

.269 

.243 

.237 

.249 

.245 

.223 

.446 

.396 

.367 

.355 

.346 

.337 

.312 

.356 

.311 

.286 

.287 

.289 

.279 

.251 

.276 

.241 

.215 

.208 

.217 

.220 

.200 

.210 

.183 

.162 

.150 

.149 

.160 

.153 

.306 

.273 

.247 

.247 

.253 

.250 

.232 

.235 

.215 

.191 

.178 

.185 

.192 

.177 

.159 

.149 

.132 

.121 

.118 

.123 

.118 

.094 

.088 

.096 

.071 

.067 

.070 

.062 

.177 

.168 

.154 

.142 

.149 

.162 

.159 

.109 

.107 

.101 

.095 

.095 

.102 

.098 

.052 

.049 

.047 

.047 

.046 

.049 

.052 

.068 

.070 

.072 

.073 

.077 

.090 

.091 

.004 

.013 

.021 

.027 

.031 

.039 

.042 

-.047 

-.034 

-.024 

-.021 

-.015 

-.012 

-.013 

-.098 

-.080 

-.068 

-.058 

-.055 

-.057 

-.061 

-.037 

-.016 

-.002 

.006 

.016 

.033 

.044 

-.094 

-.063 

-.048 

-.038 

-.028 

-.017 

-.009 

-.141 
• -.108 
-.086 
-.074 
-.068 
-.060 
-.061 

-.193 

-.158 

-.125 

-.116 

-.107 

-.101 

-.106 

-.139 

-.088 

-.065 

-.049 

-.026 

-.001 

-.012 

-.182 

-.133 

-.098 

-.092 

-.069 

-.043 

-.045 

-.228 

-.184 

-.183 

-.163 

-.125 

-.111 

-.116 

-.271 

-.231 

-.167 

-.150 

-.130 

-.089 

-,058 

y/a = 
0.319 

.258 

.383 

.508 

.633 

.759 

.884 

.526 

.481 

.449 

.420 

.395 

.372 

.452 

.407 

.371 

.344 

.321 

.307 

.360 

.346 

.323 

.289 

.259 

.245 

.282 

.258 

.260 

.240 

.204 

.188 

.427 

.390 

.353 

.327 

.298 

.283 

.334 

.321 

.307 

.270 

.241 

.223 

.255 

.234 

.238 

.224 

.188 

.167 

.191 

.170 

.167 

.168 

.148 

.124 

.303 

.288 

.276 

.238 

.206 

.193 

.233 

.214 

.213 

.202 

.165 

.143 

.157 

.144 

.137 

.136 

.119 

.097 

.094 

.085 

.079 

.076 

.070 

.059 

.198 

.180 

.178 

.171 

.141 

.119 

.125 

.115 

.113 

;116 

.103 

.082 

.060 

.053 

.052 

.054 

.052 

.043 

.093 

.093 

.095 

.100 

.089 

.073 

.025 

.028 

.034 

.041 

.042 

.037 

-.035 

-.028 

-.019 

-.013 

-.012 

-.011 

-.090 

-.080 

-.067 

-.061 

-.059 

-.057 

-.006 

.005 

.022 

.034 

.035 

.032 

-,060 

-.050 

-.031 

-.020 

-.016 

-.011 

-.112 

-.101 

-.060 

-.069 

-.066 

-.063 

-.165 

-.154 

-.129 

-.117 

-.115 

-.111 

-.085 

-.073 

-,040 

-.020 

-.013 

-.006 

-.130 

-.121 

-.087 

-.069 

-.068 

-.059 

-.183 

-.164 

-.138 

-.131 

-.136 

-.088 

-.234 

-.202 

-.185 

-.178 

-.135 

-.071 

y/s = 
O.ltBl 

.133 

.258 

.383 

.508 

.633 

.759 

.884 

.641 

.542 

.479 

.430 

.380 

.369 

..363 

.551 

.484 

.420 

.361 

.304 

.286 

.287 

.417 

.404 

.375 

.319 

.256 

.225 

.221 

.297 

.300 

.302 

.272 

.213 

.178 

.165 

.516 

.464 

.408 

.348 

.283 

.264 

.260 

.384 

.371 

.359 

.310 

.243 

.206 

.199 

.261 

.274 

.273 

.259 

.202 

.163 

.145 

.176 

.197 

.192 

.195 

.159 

.127 

.110 

.344 

.343 

.333 

.287 

.218 

.177 

.168 

.245 

.255 

.250 

.240 

.186 

.147 

.128 

.153 

.166 

.158 

.165 

.135 

.104 

.087 

.084 

.093 

.090 

.093 

.083 

.064 

.053 

.211 

.217 

.215 

.212 

.163 

.127 

.109 

.134 

.138 

.132 

,.l40 

.116 

.092 

.076 

.062 

.063 

.061 

.064 

.056 

.046 

.039 

.111 

.112 

.112 

.123 

.101 

.078 

.067 

.040 

.040 

.039 

.046 

.042 

.036 

.032 

-.022 

-.023 

-.024 

-.023 

-.018 

-.014 

-.010 

-.079 

-.078 

-.078 

-.063 

-.072 

-.062 

-.050 

.023 

.020 

.020 

.029 

.031 

.027 

.027 

-.038 

-.040 

-.04l 

-.040 

-.030 

-.022 

-.014 

-.091 

-.090 

-.091 

-.100 

-.085 

-.072 

“.057 

-.147 

-.l4o 

-.143 

-.154 

-.139 

-.125 

-.108 

-.051 

-.053 

-.052 

-.048 

-.035 

-.022 

-.011 

-.107 

-.108 

-.108 

-.104 

-.090 

-.078 

-.054 

-.152 

-.149 

-.153 

-.160 

-.151 

-.136 

-.111 

-.199 

-.194 

-.197 

-.198 

-.190 

-.165 

-.134 

y/s = 

0.652 

.383 

.508 

.633 

.759 

.884 

.422 

.372 

.343 

.334 

.319 

.370 

.316 

.272 

.246 

.241 

.323 

.272 

.226 

.197 

.181 

.257 

.224 

.186 

.160 

.141 

.358 

.303 

.257 

.229 

.221 

.311 

.260 

.217 

.186 

.167 

.236 

.209 

.173 

.144 

.128 

.163 

.155 

.131 

.110 

.098 

.289 

.239 

.199 

.169 

.151 

.219 

.194 

.160 

.135 

.119 

.142 

.128 

.109 

.092 

.082 

.073 

.069 

.063 

.052 

.046 

.196 

.173 

.140 

.117 

.102 

.131 

.114 

.097 

.079 

.069 

.061 

.057 

.046 

.038 

.033 

.134 

.099 

.082 

.065 

.059 

.050 

.039 

.029 

.022 

.021 

-.012 

-.013 

-.016 

-.016 

-.016 

-.069 

-.064 

-.056 

-.048 

-.045 

.035 

.028 

.023 

.016 

.015 

-.025 

-.029 

-.026 

-.023 

-.023 

-.082 

-.080 

-.067 

-.056 

-.056 

-.136 

-.128 

-.104 

-.088 

-.086 

-.031 

-.034 

-.030 

-.026 

-.024 

-.085 

-.084 

-.069 

-.058 

-.055 

-.110 

-.102 

-.125 

-.116 

-.103 

-.189 

-.157 

-.137 

-.126 

-.095 

e = 90° 

-.094 

.073 

.240 

.410 

.573 

.740 

.906 

1.073 

1.240 

.079 

.089 

.275 

.389 

.439 

.459 

.428 

.348 

.172 

.018 

.081 

.110 

.308 

.383 

.397 

.364 

.303 

.178 

.013 

.061 

.087 

.182 

.297 

.338 

.320 

.268 

.189 

.012 

.018 

.076 

.086 

.207 

.269 

.277 

.239 

.178 

.031 

.067 

.102 

.291 

.365 

.386 

.359 

-295 

.136 

.011 

.066 

.074 

.172 

.275 

.326 

.312 

.262 

.15^ 

.006 

.036 

.067 

.074 

.186 

.237 

.257 

.224 

.154 

.006 

.009 

.055 

.066 

.062 

.167 

.181 

.196 

.145 

.019 

.053 

.058 

.144 

.245 

.317 

.302 

.246 

.109 

.011 

.050 

.056 

.062 

.165 

.215 

.248 

.219 

.126 

.005 

.021 

.048 

.049 

.049 

.133 

.154 

.173 

.118 

.001 

.007 

.026 

.038 

.042 

.033 

.059 

.118 

.111 

.013 

.033 

.031 

.038 

.137 

.197 

.238 

.204 

.087 

.005 

.025 

.032 

,027 

.030 

.115 

.145 

.165 

.096 

.001 

.009 

.022 

.022 

.020 

.013 

.030 

.101 

.095 

.009 

.018 

.017 

.013 

.024 

.101 

.152 

.161 

,063 

-.003 

.003 

.007 

.012 

.017 

.021 

.033 

.094 

.060 

-.003 

-.004 

-.005 

-.011 

-,015 

-.016 

-.013 

-.008 

-.005 

-.004 

-.004 

-.007 

-.023 

-.o4i 

-.054 

-.067 

-.062 

-.044 

-.002 

0 

.003 

.004 

.014 

.034 

.049 

.067 

.053 

-.002 

-.002 

-.003 

-.014 

-.024 

-.022 

-.015 

-.004 

.010 

-.001 

.002 

-.006 

-.023 

-.054 

-.066 

-.073 

-.060 

-.044 

0 

-.001 

-.006 

-.027 

-.078 

-.104 

-.119 

-.114 

-.088 

.012 

.015 

,012 

-.012 

-.030 

-.018 

-.001 

.04l 

.024 

.010 

.018 

.013 

-.021 

-.064 

-.068 

-,06l 

-.04l 

0 

.012 

.016 

.009 

-.024 

-.090 

-.111 

-.115 

-.094 

-.071 

.020 

.024 

.019 

-.012 

-.090 

-.123 

-.145 

-.101 

-.102 

e = ii5° 

.156 

.323 

.489 

.656 

.823 

.990 

.133 

.423 

.471 

.451 

.411 

.344 

.072 

.267 

.408 

.402 

.374 

.312 

.063 

.177 

.300 

.338 

.324 

.274 

.057 

.079 

.215 

.248 

.273 

.236 

.056 

.270 

.376 

.369 

.346 

.286 

.055 

.195 

.271 

.315 

.299 

.256 

.050 

.078 

.196 

.211 

.250 

.212 

.046 

.049 

.158 

.138 

.184 

.169 

.04l 

.199 

.226 

.278 

.273 

.230 

.045 

.088 

.172 

.181 

.227 

.192 

.038 

.050 

.119 

.106 

.l4l 

.l4l 

.024 

.033 

.064 

.066 

.062 

.092 

.026 

.090 

.128 

.147 

.204 

.174 

.026 

.033 

.091 

.p84 

.117 

.132 

.018 

.024 

.024 

.042 

.04l 

.074 

.013 

.011 

.063 

.069 

.107 

.122 

.001 

.010 

.018 

.024 

.033 

.067 

-.014 

-.022 

-.018 

-.017 

-.014 

-.009 

-.021 

-.048 

-.054 

-.053 

-.058 

-.064 

-.019 

-.015 

-.004 

.015 

.042 

.048 

-.033 

-.048 

-.040 

-.023 

-.012 

.005 

-.o4o 

-.075 

-.068 

-.059 

-.060 

-.064 

-.045 

-.102 

-.099 

-.094 

-.102 

-.114 

-.065 

-.076 

-.020 

-.011 

-,002 

.012 

-.071 

-.102 

-.050 

-.053 

-.052 

-.043 

-.075 

-.139 

-.083 

-.092 

-.099 

-.104 

-.066 

-.156 

-.109 

-.103 

-.112 

-.100 
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TABIE II.- 


PKESSURE COEFFICIENTS 
(d) M = 2.00, R = 


(s^) 

1.5x10® 


Concluded 


Station 



a =s 

- 

6° 




a = 

-4° 

— 


a = 

-2° 


a 

= 0° 



a 

= 2° 



a = 

4° 



a - 

6° 




-5.7° 

-3.8° 

- 

L.9° 

CP 

-5 .7? 

-3.8° 

-1.9° 

(p 

1 

0 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8“ 

-1.9° 

-5.7° 

-3.8° 

-1.9° 

0° 

-5.7° 

-3.8° 

-1-9° 

0° 

-5.7° 

-3.8° 

-1.9° 

0° 


0.133 

0,390 

0.337 



n 

0.231 

0.288 

0.247 

0.196 

0.149 

0.211 

0.164 

0.116 

0.077 

0.113 

0.072 

0.035 

0.024 

-0.010 

-0.040 

-0.072 

-0.050 

-0.080 

-0.107 

-0.131 

-0.123 

-0.148 

-0.163 

-0.187 

0.170 

.258 

.354 

.311 

_ 

_ 


.214 

.268 

.230 

.183 

.138 

.192 

.150 

.106 

.070 

.106 

.069 

.033 

.030 

.002 

-.029 

-.061 

-.033 

-.059 

-.087 

-.112 

-.099 

-.124 

-.141 

-.165 

.383 

.306 

.265 

- 

. 

- 

•191 

.231 

.197 

.157 

.129 

.161 

.129 

.085 

•057] 

.097 

.053 

.030 

.022 

-.002 

-.032 

-.05S 

-.034 

-.057 

-.080 

-.105 

-.093 

-.116 

-.134 

-.155 


.508 

.287 

.249 

_ 

- 

- 

.174 

.218 

.184 

.150 

.113 

.152 

.124 

.089 

.056 

.087 

.061 

.028 

.034 

.010 

-.017 

-.048 

-.013 

-.037 

-.062 

-.087 

-.065 

-.088 

-.107 

-.133 


.633 

.262 

.229 

_ 

_ 


.159 

.19a 

.168 

.136 

.103 

.136 

.111 

.080 

.051 

.081 

.057 

.026 

.035 

.011 

-.016 

-.045 

-.010 

-.031 

-.056 

-.080 

-.051 

-.072 

-.092 

-.119 


.759 

.243 

.214 

_ 

_ 


.150 

.184 

.157 

.128 

.098 

.128 

.103 

.074 

.045 

.077 

.053 

.024 

.035 

.013 

-.013 

-.040 

-.005 

-.025 

-.049 

-.074 

-.o4i 

-.061 

-.081 

-.106 


.884 

.230 

.201 

- 

- 


.142 

,170 

.144 

,118 

.089 

.120 

.095 

.069 

.041 

.075 

.051 

.026 

.037 

.014 

-.010 

-.035 

-.002 

-.022 

-.045 

-.068 

-.035 

-.055 

-.074 

-.099 


.133 

.398 

.337 

_ 

_ 

_ 

.236 

.317 

.252 

.206 

.161 

.212 

.164 

.118 

.076 

.113 

.072 

.034 

-027 

-.007 

-.o4i 

-.074 

-.047 

-.076 

-.106 

-.132 

-.120 

-.143 

-.161 

-.186 

0.208 

.258 

.347 

.294 

_ 

- 

- 

.204 

.276 

.22? 

.181 

.140 

.191 

.148 

.105 

.069 

.106 

.067 

.031 

.027 

-.003 

-.035 

-.065 

-.038 

-.068 

-.097 

-.122 

-.108 

-.134 

-.151 

-.177 


.383 

.316 

.270 

- 

- 

- 

.187 

.250 

.207 

.166 

.128 

.175 

.136 

.097 

.063 

.098 

.063 

,029 

.028 

.002 

-.030 

-.059 

-.029 

-.056 

-.085 

-.110 

-.092 

-.117 

-.137 

-.162 


.508 

.293 

.251 

- 



.177 

.226 

.189 

.152 

.119 

.161 

.128 

.091 

•059 

.091 

.061 

.028 

.030 

.005 

-.024 

-.051 

-.021 

-.046 

-.074 

-.097 

-.078 

-.103 

-.123 

-.147 


.633 

.275 

.238 

_ 


- 

.169 

.211 

.178 

.144 

.111 

.150 

.119 

.086 

.055 

.084 

.056 

.027 

.0^ 

.008 

-.019 

-.047 

-.014 

-.037 

-.064 

-.087 

-.060 

-.083 

-.104 

-.129 


.759 

.261 

.229 


- 

- 

.161 

.200 

.170 

.137 

.106 

.141 

.113 

.081 

.054 

.062 

.056 

.028 

.03^ 

.013 

-.015 

-.043 j 

-.007 

-.030 

-.056 

-.079 

-.047 

-.069 

-.0^ 

-.115 


.884 

.249 

.220 

- 

- 

- 

.155 

.188 

.161 

.130 

.100 

.132 

.105 

.075 

.048 

.079 

.054 

.026 

.038 

.015 

-.012 

-.038 

-.004 

-.025 

-.050 

-.073 

-.039 

-.060 

-.080 

-.106 

y/s = 

.258 

.388 

.324 



_ 

.208 

.305 

.242 

.185 

.135 

.209 

.158 

.107 

.063 

.126 

.081 

.038 

.049 

.013 

-.025 

-.062 

-.013 

-.047 

-.080 

-.111 

-.072 

-.101 

-•125 

-.154 

0.319 

.383 

.349 

.298 

- 


- 

.201 

.275 

.227 

.180 

.135 

.197 

.150 

.103 

.063 

.121 

.078 

.037 

.047 

.013 

-.025 

-.061 

-.016 

-.049 

-.082 

-.112 

-.078 

-.108 

-.131 

-.158 

.508 

.320 

.275 

. 


- 

.187 

.250 

.208 

.165 

.124 

.185 

.141 

.099 

.060 

.113 

.673 

.034 

.050 

.015 

-.022 

-.058 

-.013 

- .046 

-.079 

-.107 

-.080 

-.108 

-.131 

-.158 


.633 

.299 

.256 

. 

- 

_ 

.175 

.232 

.193 

.152 

.113 

.172 

.132 

.091 

.057 

.108 

.070 

.034 

.050 

.017 

-.017 

-.053 

-.007 

-.040 

-.072 

-.101 

-.072 

-.102 

-.124 

-.154 


.759 

.279 

.239 

. 


_ 

.161 

.216 

*179 

.141 

.104 

.160 

.124 

.085 

.051 

.102 

.067 

.032 

.050 

.018 

-.014 

-.050 

-.004 

-.036 

-.063 

-.099 

-.065 

-.096 

-.120 

-.150 


.884 

.262 

.224 

- 

- 

- 

.151 

.211 

.166 

.130 

.096 

.150 

.115 

.079 

.046 

.098 

.065 

.031 

.050 

.019 

-.012 

-.047 

0 

-.028 

-.058 

-.086 

-.043 

-.076 

-.100 

-.132 

y's = 

.133 

.363 

.294 



_ 

.185 

.274 

.215 

.162 

.116 

.195 

.145 

.097 

.055 

.124 

.079 

.037 

.060 

.023 

-.014 

-.050 

.012 

-.024 

-.058 

-.089 

-.038 

-.070 

-.097 

-.122 

0.431 

.258 

.365 

.295 


. 

_ 

.182 

.27^ 

.216 

.163 

.115 

.196 

.146 

.096 

.053 

.125 

.081 

•039 

.060 

.023 

-.015 

-.051 

.009 

-.027 

-.061 

-.092 

-.041 

-.074 

-.100 

-.130 


.383 

.375 

.303 


- 

- 

.187 

.283 

.220 

.165 

.118 

.198 

.147 

.097 

.055 

.125 

.079 

•037 

.059 

.022 

-.017 

-.053 

.004 

-.032 

-.066 

-.097 

-.049 

-.081 

-.106 

-.140 


.508 

.357 

.299 



_ 

.192 

.280 

.224 

.171 

.123 

.202 

.151 

.101 

.057 

.126 

.081 

.039 

.059 

.023 

-.016 

-.054 

0 

-.036 

-.070 

-.101 

-•055 

-.086 

-.112 

-.141 


.633 

.331 

.281 

. 

. 

- 

.184 

.262 

.213 

.165 

.120 

.193 

.146 

.099 

.057 

.123 

.080 

.038 

.057 

.021 

-.017 

-.055 

-.005 

-.040 

-.075 

-.105 

-.062 

-.093 

-.117 

-.347 


..759 

.314 

.266 




.176 

.246 

.201 

.157 

.115 

.183 

.139 

.095 

.056 

.119 

.077 

•037 

.056 

.020 

-.018 

-.055 

-.006 

-.040 

-.075 

-.105 

-.066 

“.097 

-.121 

-.150 


.884 

, .297 

.253 

- 

- 

- 

.166 

.232 

.190 

.148 

.108 

.163 

.132 

.090 

.053 

.114 

.074 

.035 

.057 

.021 

-.016 

-.053 

-.003 

-.038 

-.073 

-.101 

-.067 

-.098 

-.122 

-.152 

y/s = 

.383 

.347 

.280 



_ 

.170 

.270 

.211 

.159 

.112 

.195 

.144 

.095 

.052 

.123 

.080 

.036 

.063 

.026 

-.013 

-.048 

.014 

-.023 

-.060 

-.090 

-.033 

-.067 

-.096 

-.126 

0.652 

.508 

.356 

.286 


- 

_ 

.173 

.270 

.209 

.156 

.110 

.191 

.140 

.092 

.051 

.122 

.078 

.036 

.061 

.025 

-.013 

-.047 

.011 

-.024 

-.060 

-.090 

-.033 

-.065 

-.094 

-.125 

.633 

.359 

.293 


- 

- 

.182 

.274 

.215 

.162 

.115 

.193 

.142 

.093 

.052 

.122 

.078 

•035 

.060 

.023 

-.015 

-.048 

.008 

-.027 

-.061 

-.090 

-.035 

-.067 

-.094 

-.123 


.759 

.345 

.285 


_ 

_ 

.183 

.263 

.209 

.160 

.116 

.186 

.138 

.092 

.052 

.118 

.076 

.035 

.058 

.022 

-.016 

-.049 

.005 

-.029 

-.063 

-.090 

-.037 

-.068 

-.094 

-.121 


.884 

.317 

.268 


- 

- 

.177 

.248 

.198 

.152 

.112 

.174 

.130 

.088 

.050 

.110 

.070 

.033 

.053 

.020 

-.015 

-.047 

.003 

-.029 

-.061 

-.087 

-.038 

-.067 

-.092 

-.120 

e = go° 

-.094 

.040 

.039 

_ 

_ 

_ 

.040 

.022 

.020 

.019 

.020 

.008 

.007 

.007 

.008 

-.001 

-.001 

-.001 

-.002 

-.001 

-.001 

-.004 

.008 

,007 

.008 

.001 

-.002 

-.002 

-.001 

-.004 

.073 

.038 

.033 

- 


- 

.033 

.022 

.018 

.018 

.020 

.008 

.007 

.007 

.008 

0 

-,001 

0 

.006 

.004 

-.001 

0 

.013 

.013 

.013 

0 

.006 

.006 

.007 

-.004 


.240 

.027 

.026 


- 

- 

.027 

.016 

.014 

.014 

.016 

.022 

,012 

.004 

,002 

,009 

.007 

.003 

.010 

.008 

0 

-.001 

.011 

.010 

.011 

.001 

.005 

.006 

.006 

-.004 


.410 

.031 

.042 


_ 

- 

.028 

.027 

.031 

.014 

.011 

.032 

.028 

.020 

.007 

.016 

.013 

.007 

.010 

.009 

-.001 

-.002 

.008 

.007 

.007 

0 

-.003 

-.003 

-.001 

-.005 


.573 

.195 

.073 

_ 

_ 

_ 

.039 

.134 

.046 

.039 

.023 

.031 

.025 

.021 

.015 

.021 

.008 

.004 

.022 

.012 

0 

-.001 

-.001 

-.007 

-.013 

-.015 

-.024 

-.027 

-.029 

-.033 


.740 

.258 

.195 

_ 

- 

_ 

.066 

.198 

.126 

.046 

.054 

.118 

.068 

.011 

.011 

.061 

.015 

-.002 

.039 

.013 

-.003 

-.015 

-.006 

-.024 

-.039 

-.046 

-.04l 

-.054 

-.061 

-.068 


.906 

.272 

.239 

_ 

- 

- 

.154 

.213 

.180 

.145 

.090 

.155 

.115 

.080 

.022 

.103 

.070 

.024 

,048 

.020 

-.006 

-.027 

-.003 

-.029 

-.050 

-.066 

-.044 

-.065 

-.079 

-.092 


1.073 

.272 

.242 

_ 

_ 

_ 

•159 

.212 

.180 

.139 

.100 

.166 

.120 

.084 

.059 

.108 

.073 

.041 

.048 

,020 

-.013 

-.039 

-.003 

-.033 

-.060 

-.080 

-.045 

-.071 

-.090 

-.109 


1.240 

.254 

.233 

- 

- 

- 

.147 

.193 

.170 

.130 

.090 

.158 

.117 

.077 

.046 

.102 

.067 

.032 

.040 

.015 

-.018 

-.048 

-.010 

-.036 

-.065 

-.088 

-.046 

-.073 

-.096 

-.120 

e = 45° 

.156 

.004 

.021 

_ 


_ 

.003 

.003 

.026 

.012 

.004 

.027 

.022 

.016 

.009 

.011 

.009 

.006 

-.002 

0 

-.002 

-.003 

-.005 

-.005 

-.006 

-.006 

-.023 

-.022 

-.022 

-.024 

.323 

.108 

.121 

- 

. 

- 

.032 

.140 

.062 

.030 

.031 

.030 

.022 

.019 

.016 

.016 

.009 

.006 

.015 

.001 

-.011 

-.018 

-.020 

-,031 

-.039 

-.043 

-.060 

-.068 

-.069 

-.074 


.489 

.146 

.175 

_ 

- 

_ 

.137 

.140 

.138 

.116 

.090 

.125 

.loa 

.042 

.019 

'.077 

.044 

,007 

.024 

.004 

-.016 

-.034 

-.016 

-.034 

-.043 

-.068 

-.057 

-.075 

-.087 

-.103 


.656 

.217 

.185 

_ 

- 

- 

.143 

.165 

.142 

.122 

.093 

.130 

.106 

.081 

.054 

.074 

.053 

.028 

.029 

.009 

-.013 

-.034 

-.012 

-.031 

-.051 

-.070 

-.052 

-.069 

-.085 

-.105 


.823 

.257 

.194 

_ 

- 

_ 

.138 

.179 

.l4l 

.116 

.089 

.120 

.077 

.072 

.048 

.0® 

.048 

.028 

.033 

,013 

-.009 

-.032 

-.006 

-.024 

-.047 

-.070 

-.044 

-.065 

-.083 

-.109 


.990 

.263 

.200 

- 

- 

“ 

.131 

.194 

.l4l 

.111 

.odd 

.117 

.090 

.063 

.043 

.071 

,046 

.024 

.035 

.014 

-.010 

-.034 

-.007 

-.028 

-.058 

-.073 

-.043 

-.065 

-.085 

-.110 
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Figure 1 .- Pressure-distribution model (all dimensions in inches). 












03 


Intersection of 

mW9i CW/CTd MVf#/ 



Figure 4.- Isometric drawing of pressure distribution acting on combination of body and 

rectangular wing for wing- incidence case . 
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x/fia 

(b) M = 2.00, y/a=1.02 

Figure 5. - Pressure distribution due to a with i-^ = 0° and R= 1. 5x10®. 
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x//5a 


(f) M * 2. 00 , 0 = ir /4 meridian 

Figure 5.- Continued. 
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(f) M « 2. 00, 9 = ir./4 meridian 
Figure 7.- Continued. 





























KACA TN 3128 



'nr 

O' -5.7‘ 










NACA TN 3128 



(n) M = 2. 00, y/a = 3. 92 
Figure 7.- Concluded. 
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Figure 











Angle of attack, ot, deg. 
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x/^a 


Figure 10.- Effect of transition position on pressure distribution on top 
meridian of body with M = 1. 48, R = 0. 6x10®, and iiy^ = 0*^, 



■Figure 11.- Effect of Reynolds number oh pressure distribution on top 
meridian of body with M = 1. 48, .a = -6°, and = 0°. 




x//Sa 

Figure 12.- Comparison between several theoretical calculations of pressures in the wing-body 
juncture of the combination for the body angle-of-attack case. 
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Figure 13.- Shape of wing alone with effective twist produced by body 
upwash field for angie-of-attack case . 



Basic wing 


Twisted wing 



Figure 14. - Formation of twisted wing by superposition of infinite 
number of flat plates. 
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x/j3a 

Figure 19,- Theoretical pressure distribution on top meridian of body of combination 
approximated by use of four and six Fourier components. 
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4D 


Figure 20.- Theoretical pressure distribution on 6 = 45° meridian of bodj of combination 
^jprojdmated b 7 use of four and six Fourier components. 
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